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FIELD OP THE INVENTION 

[0001] This invention relates to cell biology, physiology and medicine, 
and concerns an 88kDa glycoprotein growth factor ( "GP88 " ) and compositions 
and methods which affect the expression and biological activity of GP88. These 
compositions and methods are useful for diagnosis and treatment of diseases 
including cancer. 

REFERENCES 

[0002] Several publications are referenced herein by Arabic numerals 
within parenthesis. Full citations for these references may be found at the end of 
the specification immediately preceding the claims. 

BACKGROUND O F THE INVENTION 

[0003] The proliferation and differentiation of cells in multicellular 
organisms is subject to a highly regulated process (1). A distmguishing feature of 
cancer cells is the absence of control over this process; proliferation and 
differentiation become deregulated resulting in uncontrolled growth. Significant 
research efforts have been directed toward better understanding this difference 
between normal and tumor cells. One area of research focus is growth factors 
and, more specifically, autocrine growth stimulation. 

[0004] Growth factors are polypeptides which carry messages to cells 
concerning growth, differentiation, migration and gene expression (2). 
Typically, growth factors are produced in one cell and act on another cell to 
stimulate proliferation. However, certain malignant cells, in culture, demonstrate 
a greater or absolute reliance on an autocrine growth mechanism (3). Malignant 
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cells which observe this autocrine behavior circumvent the regulation of growth 
factor production by other cells and are therefore unregulated in their growth. 

[0005] Study of autocrine growth control advances understanding of cell 
growth mechanisms and leads to important advances in the ^gnosis and 
treatment of cancer. Toward this end, a number of growth factors have been 
studied, including insulin-like growth factors ("IGF1" and "IGF2"), gastrin - 
releasing peptide ( "GRP" ), transforming growth factors alpha and beta ( "TGF- 
a" and "TGF-b"), and epidermal growth factor ("EGF"). 

[0006] The present invention is directed to a recently discovered growth 
factor. This growth factor was first discovered in the culture medium of highly 
tumorigenic "PC cells," an insulin-independent variant isolated from the 
teratoma derived adipogenic cell line 1246. This growth factor is referred to 
herein as "GP88. " GP88 has been purified and structurally characterized (4). 
Amino acid sequencing of GP88 indicates that GP88 has amino acid sequence 
similarities with the mouse granulin/epithelin precursor. 

[0007] Granulins/epithelins ( "grn/epi" ) are 6kDa polypeptides and 
belong to a novel family of double cysteine rich polypeptides (5, 6). U.S. Patent 
No. 5,416,192 (Shoyab et al.) is directed to 6 kDa epithelins, particularly 
epithelin 1 and epithelin 2. According to Shoyab, both epithelins are encoded 
by a common 63.5 kDa precursor, which is processed into smaller forms as soon 
as it is synthesized, so that the only natural products found in biological samples 
are the 6 kDa forms. Shoyab et al. teaches that the epithelin precursor is 
biologically inactive. 
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[0008] Contrary to the teachings of Shoyab et al., the inventor's 
laboratory has demonstrated that the precursor is not always processed as soon as 
it is synthesized. Studies, conducted in part by this inventor, have demonstrated 
that the precursor (i.e., GP88) is in fact secreted as an 88kDa glycoprotein with 
an N-linked carbohydrate moiety of 20kDa (4). Analysis ofthe N-terminal 
sequence of GP88 indicates that GP88 starts at amino acid 17 of the grn/epi 
precursor, demonstrating that the first 17 amino acids from the protein sequence 
deduced from the precursor cDNA correspond to a signal peptide compatible 
with targeting for membrane localization or for secretion (4). 

[0009] Also in contrast to the teachings of Shoyab et al., GP88 is 
biologically active and has growth promoting activity, particularly as an autocrine 
growth factor for the producer cells. 

S UMMARY OF INVENTION 

[0010] The inventor has now unexpectedly discovered that a glycoprotein 
(GP88), which is expressed in a tightly regulated fashion in normal cells, is 
overexpressed and unregulated in highly tumorigenic cells derived from the 
normal cells, that GP88 acts as a stringently required growth stimulator for the 
tumorigenic cells and that inhibition of GP88 expression or action in the 
tumorigenic cells results in an inhibition of the tumorigenic properties of the 
overproducing cells. 

[0011] It is an object of this invention to provide GP88 antagonizing 
compositions capable of inhibiting the expression or activity of GP88. 
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[0012] A further object of the invention is to provide methods for treating 
diseases associated with a defect in GP88 quantity or activity such as but not 
limited to cancer in a mammal. 

[0013] Another object of the invention is to provide methods for 
determining the susceptibility of a subject to diseases associated with a defect in 
GP88 expression or action. 

[0014] Yet another object of the invention is to provide methods for 
measuring susceptibility to GP88 antagonizing therapy. 

[0015] Yet another object of the invention is to provide methods, 
reagents, and kits for the in vitro and in vivo detection of GP88 and tumorigenic 
activity in cells. 

[0016] Additional objects and advantages of the invention will be set forth 
in part in the description that follows, and in part will be obvious from the 
description, or may be learned by the practice of the invention. 

[0017] To achieve the objects and in accordance with the purpose of the 
invention, as embodied and properly described herein, the present invention 
provides compositions for diagnosis and treatment of diseases such as but not 
limited to cancer in which cells exhibit an altered expression of GP88 or altered 
response to GP88. 

[0018] Use of the term "altered expression" herein means increased 
expression or overexpression of GP88 by a factor of at least two-fold, and at 
times by a factor of 10 or more, based on the level of mRNA or protein as 
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compared to corresponding normal cells or surrounding peripheral cells. The 
term "altered expression" also means expression which became unregulated or 
constitutive without being necessarily elevated. Use of the terms increased or 
altered "response" to GP88 means a condition wherein increase in any of the 
biological functions (e.g., growth, differentiation, viral infectivity) conferred by 
GP88 results in the same or equivalent condition as altered expression of GP88. 

[0019] Use of the term "GP88" herein means epithelin/granulin 
precursor in cell extracts and extracellular fluids, and is intended to include not 
only GP88 according to the amino acid sequences included in figures 8 or 9, 
which are of mouse and human origins, but also GP88 of other species. In 
addition, the term also includes functional derivatives thereof having additional 
components such as a carbohydrate moiety including a glycoprotein or other 
modified structures. 

[0020] Also intended by the term GP88 is any polypeptide fragment 
having at least 10 amino-acids present in the above mentioned sequences. 
Sequences of this length are useful as antigens and for making immunogenic 
conjugates with carriers for the production of antibodies specific for various 
epitopes of the entire protein. Such polypeptides are useful in screening such 
antibodies and in the methods directed to detection of GP88 in biological fluids. 
It is well known in the art that peptides are useful in generation of antibodies to 
larger proteins (7). In one embodiment of this invention, it is shown that 
peptides from 12-19 amino-acids in length have been successfully used to 
develop antibodies that recognize the full length GP88. 



1268148 vl: R6SC01I.OOC 



6 



) 

A7542.0000/P001-C 



[0021] The polypeptide of this invention may exist covalently or non- 
covalently bound to another molecule. For example, it may be fused to one or 
more other polypeptides via one or more peptide bonds such as glutathione 
transferase, poly-histidine, or myc tag. 

[0022] The polypeptide is sufficiently large to comprise an antigenetically 
distinct determinant or epitope which can be used as an immunogen to 
reproduce or test antibodies against GP88 or a functional derivative thereof. 

[0023] One embodiment includes the polypeptide substantially free of 
other mammalian peptides. GP88 of the present invention can be biochemically 
or immunochemically purified from cells, tissues or a biological fluid. 
Alternatively, the polypeptide can be produced by recombinant means in a 
prokaryotic or eukaryotic expression system and host cells. 

[0024] "Substantially free of other mammalian polypeptides" reflects the 
fact that the polypeptide can be synthesized in a prokaryotic or a non-mammalian 
or mammalian eukaryotic organism, if desired. Alternatively, methods are well 
known for the synthesis of polypeptides of desired sequences by chemical 
synthesis on solid phase supports and their subsequent separation from the 
support. Alternatively, the protein can be purified from tissues or fluids of 
mammals where it naturally occurs so that it is at least 90% pure (on a weight 
basis) or even 99% pure, if desired, of other mammalian polypeptides, and is 
therefore substantially free from them. This can be achieved by subjecting the 
tissue extracts or fluids to standard protein purification such as on 
immunoabsorbants bearing antibodies reactive against the protein. One 
embodiment of the present invention describes purification methods for the 
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purification of naturally occurring GP88 and of recombinant GP88 expressed in 
baculovirus infected insect cells. Alternatively, purification from such tissues or 
fluids can be achieved by a combination of standard methods such as but not 
limited to the ones described in reference (4). 

[0025] As an alternative to a native purified or recombinant glycoprotein 
or polypeptide, "GP88" is intended to also include functional derivatives. By 
functional derivative is meant a "fragment," "variant," "analog," or "chemical 
derivative" of the protein or glycoprotein as defined below. A functional 
derivative retains at least a portion of the function of the full length GP88 which 
permits its utility in accordance with the present invention. 

[0026] A "fragment" of GP88 refers to any subset of the molecule that is a 
shorter peptide. This corresponds for example but is not limited to regions such 
as K19T and S14R for mouse GP88, and E19V and A14R (equivalent to murine 
K19T and S14R, respectively) for human GP88. 

[0027] A "variant" of GP88 refers to a molecule substantially similar to 
either the entire peptide or a fragment thereof. Variant peptides may be 
prepared by direct chemical synthesis of the variant peptide using methods 
known in the art. 

[0028] Alternatively, amino acid sequence variants of the peptide can be 
prepared by modifying the DNA which encodes the synthesized protein or 
peptide. Such variants include, for example, deletions, insertions, or 
substitutions of residues within the amino-acid sequence of GP88. Any 
combination of deletion, insertion, and substitution may also be made to arrive 
at the final construct, provided the final construct possesses the desired activity. 
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The mutation that will be made in the DNA encoding the variant peptide must 
not alter the reading frame and preferably will not create complementary regions 
that could produce secondary mRNA structures. At the genetic level these 
variants are prepared by site directed mutagenesis (8) of nucleotides in the DNA 
encoding the peptide molecule thereby producing DNA encoding the variant, 
and thereafter expressing the DNA in recombinant cell culture. The variant 
typically exhibits the same qualitative biological activity as the nonvariant 
peptide. 

[0029] An "analog" of GP88 protein refers to a non-natural molecule 
substantially similar to either the entire molecule or a fragment thereof. 

[0030] A "chemical derivative" contains additional chemical moieties not 
normally a part of the peptide or protein. Covaient modifications of the peptide 
are also included within the scope of this invention. Such modifications may be 
introduced into the molecule by reacting targeted amino -acid residues of the 
peptide with an organic derivatizing agent that is capable of reacting with 
selected side chains or terminal amino-acid residues. Most commonly derivatized 
residues are cysteinyl, histidyl, lysinyl, arginyl, tyrosyl, glutaminyl, asparaginyl and 
amino terminal residues. Hydroxylation of proline and lysine, phosphorylation 
of hydroxyl groups of seryl and threonyl residues, methylation of the alpha- 
amino groups of lysine, histidine, and histidine side chains, acetylation of the N- 
terminal amine and amidation of the C-terminal carboxylic groups. Such 
derivatized moieties may improve the solubility, absorption, biological half life 
and the like. The moieties may also eliminate or attenuate any undesirable side 
effect of the protein and the like. In addition, derivatization with bifiinctional 
agents is useful for cross-linking the peptide to water insoluble support matrices 
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or to other macro molecular carriers. Commonly used cross-linking agents 
include glutaraldehyde, N-hydroxysuccinimide esters, homobifiinctional 
imidoesters, l,l-bis(-diazoloacetyl)-2-phenylethane, and bifiinctional 
maleimides. Derivatizing agents such as methyl-3-[9p- 

azidophenyl)]dithiopropioimidate yield photoactivatable intermediates that are 
capable of forming crosslinks in the presence of light. Alternatively, reactive 
water-insoluble matrices such as cyanogen bromide activated carbohydrates and 
the reactive substrates described in U.S. Patents 3,969,287 and 3,691,016 may 
be employed for protein immobilization. 

[0031] Use of the term GP88 "antagonizing agents' 1 herein means any 
composition that inhibits or blocks GP88 expression, production or secretion, or 
any composition that inhibits or blocks the biological activity of GP88. This can 
be achieved by any mode of action such as but not limited to the following: 

[0032] (A) GP88 antagonizing agents include any reagent or molecule 
inhibiting GP88 expression or production including but not limited to: 

[0033] (1) antisense GP88 DNA or RNA molecules that inhibit GP88 
expression by inhibiting GP88 translation; 

[0034] (2) reagents (hormones, growth factors, small molecules) that 
inhibit GP88 mRNA and/or protein expression at the transcriptional, 
translational or post-transaltional levels; 

[0035] (3) factors, reagents or hormones that inhibit GP88 secretion; 
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[0036] (B) GP88 antagonizing agents also include any reagent or 
molecule that will inhibit GP88 action or biological activity such as but not 
limited to: 

[0037] (1) neutralizing antibodies to GP88 that bind the protein and 
prevent it from exerting its biological activity; 

[0038] (2) antibodies to the GP88 receptor that prevent GP88 from 
binding to its receptor and from exerting its biological activity; 

[0039] (3) competitive inhibitors of GP88 binding to its receptors; 

[0040] (4) inhibitors of GP88 signaling pathways. 

[0041] Specific examples presented herein provide a description of 
preferred embodiments, particularly the use of neutralizing antibodies to inhibit 
GP88 biological action and the growth of the highly tumorigenic PC cells; the 
use of antisense GP88 cDNA and antisense GP88 oligonucleotides to inhibit 
GP88 expression leading to inhibition of the tumorigenic properties of the PC 
cells; characterization of GP88 receptors on cell surfaces of several cell lines 
including the mammary epithelial cell line C57MG, the 1246 and PC cell lines 
and the mink lung epithelial cell line CCL64. 

[0042] In one embodiment of the invention, the GP88 antagonizing 
agents are antisense oligonucleotides to GP88. The antisense oligonucleotides 
preferably inhibit GP88 expression by inhibiting translation of the GP88 protein. 

[0043] Alternatively, such a composition may comprise reagents, factors or 
hormones that inhibit GP88 expression by regulating GP88 gene transcriptional 
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activity. Such a composition may comprise reagents, factors or hormones that 
inhibit GP88 post-translational modification and its secretion. Such a 
composition may comprise reagents that act as GP88 antagonists that block 
GP88 activity by competing with GP88 for binding to GP88 cell surface 
receptors. Alternatively, such a composition may comprise factors or reagents 
that inhibit the signaling pathway transduced by GP88 once binding to its 
receptors on diseased cells. 

[0044] Alternatively, the composition may comprise reagents that block 
GP88 action such as an antibody specific to GP88 that neutralizes its biological 
activity, or an antibody to the GP88 receptor that blocks its activity. 

[0045] The antibodies of the invention (neutralizing and others) are 
preferably used as a treatment for cancer or other diseases in cells which exhibit 
an increased expression of GP88. By the term "neutralizing" it shall be 
understood that the antibody has the ability to inhibit or block the normal 
biological activity of GP88, including GP88's ability to stimulate cell 
proliferation or to induce tumor growth in experimental animals and in humans. 
An effective amount of anti-GP88 antibody is administered to an animal, 
including humans, by various routes. In an alternative embodiment, the anti- 
GP88 antibody is used as a diagnostic to detect cells which exhibit an altered 
(increased) expression of GP88 as occurring in diseases such as but not limited to 
cancers, and to identify diseased cells whose growth is dependent on GP88 and 
which will respond to GPS 8 antagonizing therapy. In yet another embodiment, 
the anti-GP88 antibody is used to deliver compounds such as cytotoxic factors or 
antisense oligonucleotides to cells expressing or responsive to GP88. 
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[0046] The antisense oligonucleotides of the invention are also used as a 
treatment for cancer in cells which exhibit an increased expression of GP88. An 
effective amount of the antisense oligonucleotide is administered to an animal, 
including humans, by various routes. 

- 'i 

[0047] The present invention also provides a method for determining the 
susceptibility to diseases associated with a defect in GP88 expression or action 
which comprises obtaining a sample of biological fluid or tissue and measuring 
the amount of GP88 in the fluid or tissue or measuring the susceptibility of the 
cells to respond to GPS 8. In the case of cancer, the amount of GP88 being 
proportional to the susceptibility to the cancer. 

[0048] The present invention also provides a method for measuring the 
degree of severity of cancer which comprises obtaining a sample of biological 
fluid or tissue and measuring the amount of GP88 in the fluid or tissue sample, 
the amount of GP88 being proportional to the degree or severity of the cancer. 

[0049] The present invention also provides a method for measuring 
susceptibility to GP88 antagonizing therapy which comprises obtaining a sample 
of the diseased tissue (biopsy), maintaining the cells derived from the sample in 
culture, treating the cells derived from the culture with anti-GP88 neutralizing 
antibody and determining if the neutralizing antibody inhibits the cell growth. 
Ability of the antibody to inhibit cell growth is indicative that the cells are 
dependent on GP88 to proliferate and is predictive that GP88 antagonizing 
therapy will be efficacious. 

[0050] The present invention also provides a method for determining the 
susceptibility to cancer associated with an abnormality in GP88 receptor level or 
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activity which comprises obtaining a sample of tissue and measuring the amount 
of GP88 receptor protein or mRNA in the tissue or measuring the tyrosine 
kinase activity of the receptor in the tissue (GP88 binding to its receptor induces 
tyrosine phosphorylation of cellular proteins including the receptor for G88). 

[0051] The present invention also provides a method for targeting GP88 
antagonizing reagents to the diseased site by conjugating them to an anti-GP88 
antibody or an anti-GP88 receptor antibody. 

[0052] The accompanying drawings, which are incorporated in and 
constitute a part of this specification, illustrate embodiments of the invention 
and, together with the description, serve to explain the principles of the 
invention. 

BRIEF D ESC RIPTIO N OF THE DRAWINGS 

[0053] FIG. 1A compares the level of expression of GP88 protein in the 
1246, 1246-3A and PC cell lines. Cells were cultured in DME-F12 medium 
supplemented with 2% fetal bovine serum (FBS). GP88 expression levels were 
measured by immunoprecipitation and Western blot analysis with anti-K19T 
antibody. 

[0054] FIG. IB compares the level of GP88 mRNA expression in the 
1246, 1246-3A and PC cell lines. mRNA for RPL32 is used as an internal 
control for equal amounts of RNA loading. 

[0055] FIG. 1C compares the expression of GP88 mRNA in 1246 cells 
(left panel) and in PC cells (right panel) in serum-free and serum containing 
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medium. The results show that GP88 expression in 1246 cells is inhibited by the 
addition of fetal bovine serum whereas such inhibition is not observed in the 
highly tumorigenic PC cells. 

[0056] FIG. 2 illustrates the effect of treatment of th§ highly tumorigenic 
PC cells with increasing concentrations of anti-GP88 neutralizing antibody. 

[0057] FIG. 3 shows C3H mice injected subcutaneously with 10 6 
antisense GP88 transfected PC cells (bottom) and with empty vector transfected 
control PC cells (top). 

[0058] FIG. 4 shows in vivo GP88 expression levels in C3H mice tumor 
tissues and in surrounding normal tissues. 

[0059] FIG. 5 shows GP88 mRNA expression levels in estrogen receptor 
positive and estrogen receptor negative human mammary carcinoma cell lines. 

[0060] FIG. 6 shows the effect of increasing concentrations of GP88 on 
the growth of the mouse mammary epithelial cell line C57. 

[0061] FIG. 7 shows the growth properties and tumorigenic ability of PC 
cells transfected with a cytomegalovirus promoter controlled expression vector 
containing GP88 in antisense orientation and PC cells transfected with an empty 
vector. 

[0062] FIG. 8 shows the nucleotide and deduced amino-acid sequence of 
mouse GP88. Peptide regions used as antigens to raise anti-GP88 antibodies 
K19T and S14R are underlined. The region cloned in the antisense orientation 
in the pCMV4 mammalian expression vector is indicated between brackets. 
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[0063] FIG. 9A shows the nucleotide sequence of human GP88 cDNA. 
Indicated between brackets is the region cloned in the antisense orientation into 
the pcDNA3 mammalian expression system; and 

[0064] FIG. 9B shows the deduced amino-acid sequence of human GP88. 
The E19V region used as antigen to develop an ti -human GP88 neutralizing 
antibody is underlined. It also indicates the region A14R equivalent to the 
mouse S14R region. 

[0065] FIG. 10 shows the amino-acid sequence of mouse GP88 arranged 
to show the 7 and one-half repeats defined as granulins g, f, B, A, C, D and e 
(right side). This representation shows that the region K19T and S14R used to 
raise GP88 antibodies for developing anti-GP88 neutralizing antibodies is found 
between two epithlin/granulin repeats in what is considered a variant region. 
Indicated on the right hand side is the granulin classification of the repeats 
according to Bateman et al (6). Granulin B and granulin A are also defined as 
epithelin 2 and epithelin 1 respectively according to Plowman et al., 1992 (5). 

[0066] FIG. 11 shows a schematic representation of pCMV4 and a GP88 
cDNA clone indicating the restriction sites used to clone GP88 antisense cDNA 
into the expression vector. 

[0067] FIG. 12 shows the cross-linking of 125 I-rGP88 to GP88 cell surface 
receptors on CCL-64 cells. The cross-linking reaction was carried out with 
disuccinimidyl suberate (DSS). Reaction products were analyzed by SDS-PAGE 
on a 7% polyacrylamide gel. 
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[0068] FIG. 13 shows the cross-linking of I25 I-rGP88 to GP88 cell surface 
receptors on 3T3 fibroblasts, PC cells and C57MG mammary epithelial cells. The 
results show that these various cell lines display GP88 cell surface receptors of 

similar molecular weight as the ones on CCL64 cells (Figure 12). 

- * 

[0069] FIG. 14 shows GP88 expression levels in non-tumorigenic MCF 
10A and in malignant (MCF 7, MDA-468) human mammary epithelial cells. 

[0070] FIG 15 shows that GP88 expression is inhibited by antisense GP88 
cDNA transfection in human breast carcinoma MDA-468 cells. 

DESCRIPTION OP THE INVENTION 

[0071] Reference will now be made in detail to the presently preferred 
embodiments of the invention, which, together with the following examples, 
serve to explain the principles of the invention. 

Biol o gical Activity of GP8 8 

[0072] The invention relates to GP88 and antitumor and antiviral 
compositions useful for treating and diagnosing diseases linked to altered 
(increased) expression of GP88. Alternatively this invention is used for treating 
and diagnosing diseases linked to increased responsiveness to GP88. Using a 
murine model system consisting of three cell lines, the inventor has shown that 
cells which overexpress GP88 form tumors. The parent cell line, 1246, is a C3H 
mouse adipogenic cell line which proliferates and differentiates into adipocytes in 
a defined medium under stringent regulation by insulin (9, 10). The 1246 cells 
cannot form tumors in a syngeneic animal (C3H mouse) even when injected at a 
high cell density. An insulin independent cell line, 1246-3A, was isolated from 
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1246 cells maintained in insulin-free medium (11). The 1246-3A cells lost the 
ability to differentiate and form tumors when 10 6 are injected subcutaneously in 
syngeneic mice. A highly tumorigenic cell line, PC, was developed from 1246- 
3 A cells by an in vitro -in vivo shuttle technique. The PC cells formed tumors 
when 10 4 cells were injected into syngeneic mice (12). 

[0073] GP88 is overexpressed in the insulin-independent tumorigenic cell 
lines relative to the parent non- tumorigenic insulin-dependent cell line. 
Moreover, the degree of overexpression of GP88 positively correlates with the 
degree of tumorigenicity of these cells, demonstrating for the first time that 
GP88 is important in tumorigenesis (FIG. 1). With reference to Figure 1, since 
GP88 is synthesized by cells but also secreted in culture medium, the level of 
GP88 was determined in cell lysates and in culture medium (CM). All cells were 
cultivated in DME/F12 nutrient medium supplemented with 2% fetal bovine 
serum. When cells reached confluency, culture medium (CM) was collected and 
cell lysates were prepared by incubation in buffer containing detergent followed 
by a 10,000 x g centrifugation. Cell lysate and conditioned medium were 
normalized by cell number. Samples from cell lysate and conditioned medium 
were analyzed by Western blot analysis using an anti-GP88 antibody, as 
explained below. 

[0074] The development of a neutralizing antibody confirmed GP88's key 
role in tumorigenesis. When an anti-GP88 antibody directed to the K19T 
region of mouse GP88 was added to the culture medium, the growth of highly 
tumorigenic PC cells was inhibited in a dose dependent fashion (FIG. 2). With 
reference to Figure 2, PC cells were cultivated in 96 well plates at a density 2 x 
10 4 cells/well in DME/F12 medium supplemented with human fibronectin (2 
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jig/ml) and human transferrin (10 }ig/ml). Increasing concentrations of anti- 
GP88 IgG fraction were added to the wells after the cells were attached. Control 
cells were treated with equivalent concentrations of non-immune IgG. Two days 
later, 0.25 mCi of 3 H-thymidine was added per well for 6 hrs. Cells were then 
harvested to count 3 H-thymidine incorporated into DNA as*a measure for cell 
proliferation. 

[0075] Moreover, when the expression of GP88 was specifically inhibited 
by antisense GP88 cDNA in PC cells, the production of GP88 was reduced and 
these PC cells could no longer form tumors in syngeneic C3H mouse. In 
addition, these PC cells regained responsiveness to insulin. With reference to 
Figure 3 and Tables 1 and 2, C3H female mice were injected subcutaneously 
with 10 6 antisense GP88 transfected PC cells (as explained below) or 10 6 empty 
vector transfected PC cells. Mice were monitored daily for tumor appearance. 
Photographs were taken 45 days after injection of the cells. The results show 
that mice injected with antisense GP88 PC cells do not develop tumors, in 
contrast to the mice injected with empty vector transfected PC cells used as 
control. 
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Table 1. COMPARISON OF TUMORIGENIC PROPERTIES OF GP88 
ANTISENSE TRANSFECTED CELLS, CONTROL TRANSFECTED CELLS 
AND PC CELLS 



CELLS 
INJECTED 


AVERAGE DAY OF 

TUMOR 

DETECTION 


NUMBER OF 
MICE WITH 
TUMORS 


.,. AVERAGE TUMOR 
WEIGHT (g) 


PC 


15±3.0 


5/5 


9.0±3.2 


P14 


15±3.7 


5/5 


7.8±2.7 


ASGP88 




0/5 





PC: Control non-transfected cells 

P-14: Empty vector control transfected PC cells 

ASGP88: PC cells transfected with expression vector containing GP88 
antisense cDNA 



Tumors were excised and weighed at 45 days. — indicates no tumor 

formation. 
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Table 2. COMPARISON OF PROPERTIES OF 1246, 
ANTISENSE CELLS 


PC CELLS AND GP88 




insulin GP88 antisense 


independence transfection 


1246 cells 


PC cells 


Antisense GP 88 cells 


insulin responsive for 
growth and differentiation 


insulin -independent for 
growth differentiation 
deficient 

autocrine production of 
insulin- related factor 


recovery of insulin 
responsiveness for growth 
(difFerentiation> ) 


cell surface insulin receptor 
expression high 


ceu suriace insulin receptor 
expression very low 


ceu sunace insulin receptor 
expression elevated 


GP88 expression low 


GP88 expression 
constitutively high 


GP88 expression inhibited 
by antisense 


GP88 expression inhibited 
by serum 


No inhibition by serum 




GP88 expression regulated 
by insulin 


GP88 expression 
constitutive 


recovery of insulin 
regulation for endogenous 
GP88 expression 


non-tumorigenic 


highly tumorigenic 


non-tumorigenic 



[0076] Comparison of the expression of GP88 indicates that in vivo GP88 
levels in tumors is dramatically higher than in normal tissues (FIG. 4). C3H 



mice were injected with 10 6 PC cells. Tumor bearing mice were euthanized. 
Tumors, fat pads and connective tissue were collected. Cell lysates were prepared 
by incubation in buffer containing detergent as described above for FIG. 1. 
Protein concentration of tissue extracts was determined, and equivalent amounts 
of proteins for each sample were analyzed by SDS-PAGE followed by Western 
blot analysis using anti-GP88 antibody to measure the content of GP88 in tissue 
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extracts. The results showed that the level of GP88 in tumor extracts is at least 
10 -fold higher than in surrounding connective and fat tissues. 

[0077] In normal cells (1246 cells, fibroblasts), the expression of GP88 is 
regulated, in particular by insulin, and inhibited by fetal bovine serum. In 
tumorigenic cells, a loss of regulation of normal growth leads to the increased 
expression of GP88 and the acquisition of GP88 dependence for growth. 
Therefore, inhibition of GP88 expression and/or action is an effective approach 
to suppression of tumorigenesis. Detection of an elevated GP88 expression in 
biopsies provides diagnostic analysis of tumors that are responsive to GP88 
inhibition therapy. 

[0078] GP88 is also a tumor inducing factor in human cancers. As seen in 
the 1246-3A cell line, a loss of responsiveness to insulin (or to IGF-I) and a 
concurrent increase in malignancy has been well documented (13, 14) in several 
human cancers including but not limited to breast cancers. Specifically, breast 
carcinoma is accompanied by the acquisition of an insulin/IGF-I autocrine loop, 
which is also the starting point of the development of tumorigenic properties in 
the mouse model system discussed above. Furthermore, GP88 expression is 
elevated in human breast carcinomas. More specifically, with reference to FIG. 
5, human GP88 was highly expressed in estrogen receptor positive and also in 
estrogen receptor negative insulin/IGF-I independent highly malignant cells. 
Also, GP88 is a potent growth factor for mammary epithelial cells (FIG. 6). The 
data in FIG. 5 was obtained by cultivating MCF7, MDA-MB-453 and MDA- 
MB-468 cells in DME/F12 medium supplemented with 10% fetal bovine serum 
(FBS). RNA was extracted from each cell line by the RNAzol method and poly- 
A + RNA prepared. GP88 mRNA expression was examined by Northern blot 
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analysis with 3 jig of poly-A* RNA for each cell line using a 32 P-labeled GP88 
cDNA probe. 

[0079] For Northern blot analysis of GP88 mRNA expression in rodent 
cells or tissues (mouse and rats), we used a mouse GP88 cDNA probe 311 bp in 
length starting at nucleotide 551 to 862 (corresponding to amino-acid sequence 
160 to 270). RNA can be extracted by a variety of methods (Sambrook , 
Molecular Biology manual: 35) well known to people of ordinary skill in the art. 
The method of choice was to extract RNA using RNAzol (Cinnabiotech) or 
Trizol (Gibco-BRL) solutions which consists of a single step extraction by 
guanidinium isothiocyanate and phenol -chloroform. 

[0080] For Northern blot analysis of GP88 mRNA expression in human 
cell lines, a 672 bp human GP88 cDNA probe was developed corresponding to 
nucleotide 1002 to 1674 (corresponding to amino-acid sequence 334-558) of 
human GP88. See example 8 for a detailed and specific description of the 
Northern blot analysis method used in the preferred embodiments. 

[0081] With respect to FIG. 6, C57MG cells were cultivated in the 
presence of increasing concentrations of GP88 purified from PC cells 
conditioned medium (top panel), and recombinant GP88 expressed in insect 
cells (bottom panel), to demonstrate the growth stimulating effect of increasing 
concentrations of GP88 on the growth of the mouse mammary epithelial cell line 
C57MG. 

[0082] A correlation between IGF-1 autocrine production and increased 
malignancy has also been well established for glioblastomas, teratocarcinomas 
and breast carcinomas (2, 15, 16, 17). In these cancers, GP88 expression is also 
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elevated in human tumors when compared to non-tumorigenic human 
fibroblasts and other human cell lines. GP88 promotes the growth of mammary 
carcinoma cells. 

Anti-GP88 Antibodies 

- 'ii 

[0083] The invention provides compositions for treating and diagnosing 
diseases linked to increased expression of GP88. This also will apply to treatment 
and diagnosis of diseases linked to increased responsiveness to GP88. The 
compositions of this invention include anti-GP88 antibodies which neutralize the 
biological activity of GP88. 

[0084] The present invention is also directed to an antibody specific for an 
epitope of GP88 and the use of such antibody to detect the presence or measure 
the quantity or concentration of GP88 molecule, a functional derivative thereof 
or a homologue from different animal species in a cell, a cell or tissue extract, 
culture medium or biological fluid. Moreover, antibody can be used to target 
cytotoxic molecules to a specific site. 

[0085] For use as antigen for development of antibodies, the GP88 
protein naturally produced or expressed in recombinant form or functional 
derivative thereof, preferably having at least 9 amino-acids, is obtained and used 
to immunize an animal for production of polyclonal or monoclonal antibody. 
An antibody is said to be capable of binding a molecule if it is capable of reacting 
with the molecule to thereby bind the molecule to the antibody. The specific 
reaction is meant to indicate that the antigen will react in a highly selective 
manner with its corresponding antibody and not with the multitude of other 
antibodies which may be evoked by other antigens. 
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[0086] The term antibody herein includes but is not limited to human and 
non-human polyclonal antibodies, human and non-human monoclonal 
antibodies (mAbs), chimeric antibodies, anti-idiotypic antibodies (anti-IdAb) and 
humanized antibodies. Polyclonal antibodies are heterogeneous populations of 
antibody molecules derived either from sera of animals immunized with an 
antigen or from chicken eggs. Monoclonal antibodies ( "mAbs" ) are substantially 
homogeneous populations of antibodies to specific antigens. mAbs may be 
obtained by methods known to those skilled in the art (18, 19, 20 and U.S. 
Patent No. 4,376,110). Such antibodies may be of any immunological class 
including IgG, IgM, IgE, IgA, IgD and any subclass thereof The hybridoma 
producing human and non-human antibodies to GP88 may be cultivated in vitro 
or in vivo. For production of a large amount of mAbs, in vivo is the presently 
preferred method of production. Briefly, cells from the individual hybridomas 
are injected intraperitoneally into pristane primed Balb/c mice or Nude mice to 
produce ascites fluid containing high concentrations of the desired mAbs. mAbs 
may be purified from such ascites fluids or from culture supernatants using 
standard chromatography methods well known to those of skill in the art. 

[0087] Human monoclonal Ab to human GP88 can be prepared by 
immunizing transgenic mice expressing human immunoglobulin genes. 
Hybridoma produced by using lymphocytes from these transgenic animals will 
produce human immunoglobulin instead of mouse immunoglobulin. 

[0088] Since most monoclonal antibodies are derived from murine source 
and other non-human sources, their clinical efficiency may be limited due to the 
immunogenicity of rodent mAbs administered to humans, weak recruitment of 
effector function and rapid clearance from serum (25). To circumvent these 
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problems, the antigen- binding properties of murine antibodies can be conferred 
to human antibodies through a process called humanization (25). A humanized 
antibody contains the ammo-acid sequences for the 6 complementarity- 
determining regions (CDRs) of the parent murine mAb which are grafted onto a 
human antibody framework. The low content of non-humah sequences in 
humanized antibodies (around 5%) has proven effective in both reducing the 
immunogenicity and prolonging the serum half life in humans. Methods such as 
the ones using monovalent phage display and combinatorial library strategy (26, 
27) for humanization of monoclonal antibodies are now widely applied to the 
humanization of a variety of antibodies and are known to people skilled in the 
art. These humanized antibodies and human antibodies developed with 
transgenic animals as described above are of great therapeutic use for several 
diseases including but not limited to cancer. 

[0089] Hybridoma supernatants and sera are screened for the presence of 
antibody specific for GP88 by any number of immunoassays including dot blots 
and standard immunoassays (EIA or ELISA) which are well known in the art. 
Once a supernatant has been identified as having an antibody of interest, it may 
be further screened by Western blotting to identify the size of the antigen to 
which the antibody binds. One of ordinary skill in the art will know how to 
prepare and screen such hybridomas without undue experimentation in order to 
obtain a desired polyclonal or mAb. 

[0090] Chimeric antibodies have different portions derived from different 
animal species. For example, a chimeric antibody might have a variable region 
from a murine mAb and a human immunoglobulin constant region. Chimeric 
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antibodies and methods for their production are also known to those skilled in 
the art (21-24). 

[0091] An anti-idiotypic ( M anti-IdAb H ) is an antibody which recognizes 
unique determinants generally associated with the antigen- binding site of an 
antibody. An anti-IdAb can be prepared by immunizing an animal of the same 
species and genetic type (e.g., mouse strain) as the source of the mAb with the 
mAb to which an anti-IdAb is being prepared. The immunized animal will 
recognize and respond to the idiotypic determinants of the immunizing antibody 
by producing antibody to these idiotypic determinants (the anti-IdAb). The 
anti-IdAb may also be used as an immunogen to produce an immune response in 
yet another animal, producing a so-called anti-anti-IdAb. The anti-anti-IdAb 
may be epitopicaUy identical to the original mAb which induced the anti-IdAb. 
Thus by using antibodies to the idiotypic determinants of a mAb, it is possible to 
identify other clones expressing antibodies of identical specificity. 

[0092] Accordingly, mAbs generated against GP88 may be used to induce 
human and non-human anti-IdAbs in suitable animals. Spleen cells from such 
immunized mice are used to produce hybridomas secreting human or non- 
human anti-Id mAbs. Further, the anti-Id mAbs can be coupled to a carrier such 
as Keyhole Limpet Hemocyanin (KLH) or bovine serum albumin (BSA) and 
used to immunize additional mice. Sera from these mice will contain human or 
non-human anti-anti-IdAb that have the binding properties of the original mAb 
specific for a GP88 polypeptide epitope. The anti-Id mAbs thus have their own 
idiotypic epitopes or idiotypes structurally similar to the epitope being evaluated. 
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[0093] The term antibody is also meant to include both intact molecules 
as well as fragments thereof such as, for example, Fab and F(ab')2, which are 
capable of binding to the antigen. Fab and F(ab')2 fragments lack the Fc 
fragment of intact antibody, clear more rapidly from the circulation and may 
have less non-specific tissue binding than an intact antibody*(28). Such 
fragments are typically produced by proteolytic cleavage, using enzymes such as 
papain (to generate Fab fragments) and pepsin (to generate F(ab 5 )2 fragments). 
It will be appreciated that Fab and F(ab')2 and other fragments of the antibodies 
useful in the present invention may be used for the detection or quantitation of 
GP88, and for treatment of pathological states related to GP88 expression, 
according to the methods disclosed herein for intact antibody molecules. 

[0094] According to the present invention, antibodies that neutralize 
GP88 activity in vitro can be used to neutralize GP88 activity in vivo to treat 
diseases associated with increased GP88 expression or increased responsiveness to 
GP88, such as but not limited to cancer and viral infection. A subject, preferably 
a human subject, suffering from disease associated with increased GP88 
expression is treated with an antibody to GP88. Such treatment may be 
performed in conjunction with other anti-cancer or anti-viral therapy. A typical 
regimen comprises administration of an effective amount of the antibody specific 
for GP88 administered over a period of one or several weeks and including 
between about one and six months. The antibody of the present invention may 
be administered by any means that achieves its intended purpose. For example, 
administration may be by various routes including but not limited to 
subcutaneous, intravenous, intradermal, intramuscular, intraperitoneal and oral. 
Parenteral administration can be by bolus injection or by gradual perfusion over 
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time. Preparations for parenteral administration include sterile aqueous or non- 
aqueous solutions, suspensions and emulsions, which may contain auxiliary 
agents or excipients known in the art. Pharmaceutical compositions such as 
tablets and capsules can also be prepared according to routine methods. It is 
understood that the dosage of will be dependent upon the age, sex and weight of 
the recipient, kind of concurrent treatment, if any, frequency of treatment and 
the nature of the effect desired. The ranges of effective doses provided below are 
not intended to limit the invention and merely represent preferred dose ranges. 
However the most preferred dosage will be tailored to the individual subject as is 
understood and determinable by one skilled in the art. The total dose required 
for each treatment may be administered by multiple doses or in a single dose. 
Effective amounts of antibody are from about 0.0 lpg to about 100 mg/kg body 
weight and preferably from about 10 jag to about 50 mg/kg. Antibody may be 
administered alone or in conjunction with other therapeutics directed to the 
same disease. 

[0095] According to the present invention and concerning the 
neutralizing antibody, GP88 neutralizing antibodies can be used in all 
therapeutic cases where it is necessary to inhibit GP88 biological activity, even 
though there may not necessarily be a change in GP88 expression, including 
cases where there is an overexpression of GP88 cell surface receptors and this in 
turn results in an increased biological activity, or where there is an alteration in 
GP88 signaling pathways or receptors leading to the fact that the signaling 
pathways are always "turned on." Neutralizing antibodies to growth factor and 
to growth factor receptors have been successfully used to inhibit the growth of 
cells whose proliferation is dependent on this growth factor. This has been the 
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case for IGF-I receptor in human breast carcinoma cells (14) and bombesin for 
lung cancer (29). The antibody to GP88 can also be used to deliver compounds 
such as, but not limited to, cytotoxic reagents such as toxins, oncotoxins, 
mito toxins and immuno toxins, or antisense oligonucleotides, in order to 
specifically target them to cells expressing or responsive to GP88 (30). 

[0096] One region that allows antigen to develop a neutralizing antibody 
to GP88 is the 19 amino-acid region defined as K19T in the mouse GP88, and 
E19V in the human GP88 which is not located within the epithelin/granulin 6 
kDa repeats but between these repeats, specifically between granulin A (epithelin 
1) and granulin C (5) in what is considered a variant region (see Figure 10). 
Without wishing to be bound by theory, it is believed that the region important 
for the biological activity of GP88 lies outside of the epithelin repeats. 

[0097] The antibodies or fragments of antibodies useful in the present 
invention may also be used to quantitatively or qualitatively detect the presence 
of cells which express the GP88 protein. This can be accomplished by 
immunofluorescence techniques employing a fluorescendy labeled antibody (see 
below) with fluorescent microscopic, flow cytometric, or fluorometric detection. 
The reaction of antibodies and polypeptides of the present invention may be 
detected by immunoassay methods well known in the art (20). 

[0098] The antibodies of the present invention may be employed 
histologically as in light microscopy, immunofluorescence or immunoelectron 
microscopy, for in situ detection of the GP88 protein in tissues samples or 
biopsies. In situ detection may be accomplished by removing a histological 
specimen from a patient and applying the appropriately labeled antibody of the 
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present invention. The antibody (or fragment) is preferably provided by applying 
or overlaying the labeled antibody (or fragment) to the biological sample. 
Through the use of such a procedure, it is possible to determine not only the 
presence of the GP88 protein but also its distribution in the examined tissue. 
Using the present invention, those of ordinary skill in the art will readily perceive 
that any wide variety of histological methods (such as staining procedures) can be 
modified in order to achieve such in situ detection. 

[0099] Assays for GP88 typically comprise incubating a biological sample 
such as a biological fluid, a tissue extract, freshly harvested or cultured cells or 
their culture medium in the presence of a detectably labeled antibody capable of 
identifying the GP88 protein and detecting the antibody by any of a number of 
techniques well known in the art. 

[00100] The biological sample may be treated with a solid phase support or 
carrier such as nitrocellulose or other solid support capable of immobilizing cells 
or cell particles or soluble proteins. The support may then be washed followed 
by treatment with the detectably labeled anti-GP88 antibody. This is followed 
by wash of the support to remove unbound antibody. The amount of bound 
label on said support may then be detected by conventional means. By solid 
phase support is intended any support capable of binding antigen or antibodies 
such as but not limited to glass, polystyrene polypropylene, nylon, modified 
cellulose, or polyacrylamide. 

[00101] The binding activity of a given lot of antibody to the GP88 protein 
may be determined according to well known methods. Those skilled in the art 
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will be able to determine operative and optimal assay conditions for each 
determination by employing routine experimentation. 

[00102] Detection of the GP88 protein or functional derivative thereof and 
of a specific antibody for the protein may be accomplished t>j a variety of 
immunoassays well known in the art such as enzyme linked immunoassays (EIA) 
or radioimmunoassays (RIA). Such assays are well known in the art and one of 
skill will readily know how to carry out such assays using the anti-GP88 
antibodies and GP88 protein of the present invention. 

[00103] Such immunoassays are useful to detect and quantitate GP88 
protein in serum or other biological fluid as well as in tissues, cells, cell extracts, 
or biopsies. In a preferred embodiment, the concentration of GP88 is measured 
in a tissue specimen as a means for diagnosing cancer or other disease associated 
with increased expression of GP88. 

[00104] The presence of certain types of cancers and the degree of 
malignancy are said to be "proportional" to an increase in the level of the GP88 
protein. The term "proportional" as used herein is not intended to be limited to 
a linear or constant relationship between the level of protein and the malignant 
properties of the cancer. The term "proportional" as used herein, is intended to 
indicate that an increased level of GP88 protein is related to appearance, 
recurrence or display of malignant properties of a cancer or other disease 
associated with increased expression of GP88 at ranges of concentration of the 
protein that can be readily determined by one skilled in the art. 

[00105] Another embodiment of the invention relates to evaluating the 
efficacy of anti-cancer or anti-viral drug or agent by measuring the ability of the 
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drug or agent to inhibit the expression or production of GP88. The antibodies 
of the present invention are useful in a method for evaluating anti-cancer or anti- 
viral drugs in that they can be employed to determine the amount of the GP88 
protein in one of the above-mentioned immunoassays. Alternatively, the amount 
of the GP88 protein produced is measured by bioassay (cell proliferation assay ) 
as described herein. The bioassay and immunoassay can be used in combination 
for a more precise assessment. 

[00106] An additional embodiment is directed to an assay for diagnosing 
cancers or other diseases associated with an increase in GP88 expression based on 
measuring in a tissue or biological fluid the amount of mRNA sequences present 
that encode GP88 or a functional derivative thereof, preferably using an RNA- 
DNA hybridization assay. The presence of certain cancers and the degree of 
malignancy is proportional to the amount of such mRNA present. For such 
assays the source of mRNA will be biopsies and surrounding tissues. The 
preferred technique for measuring the amount of mRNA is a hybridization assay 
using DNA of complementarity base sequence. 

[00107] Another related embodiment is directed to an assay for diagnosing 
cancers or other diseases associated with an increase in GP88 responsiveness 
based on measuring on a tissue biopsy whether treatment with anti-GP88 
neutralizing antibody will inhibit its growth or other biological activity. 

[00108] Another related embodiment is a method for measuring the 
efficacy of anti-cancer or anti-viral drug or agent which comprises the steps of 
measuring the agent's effect on inhibiting the expression of mRNA for GP88. 
Similarly such method can be used to identify or evaluate the efficacy of GP88 
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antagonizing agents by measuring the ability of said agent to inhibit the 
production of GP88 mRNA. 

[00109] Nucleic acid detection assays, especially hybridization assays, can be 
based on any characteristic of the nucleic acid molecule such, as its size, sequence, 
or susceptibility to digestion by restriction endonucleases. The sensitivity of such 
assays can be increased by altering the manner in which detection is reported or 
signaled to the observer. A wide variety of labels have been extensively 
developed and used by those of ordinary skill in the art, including enzymatic, 
radioisotopic, fluorescent, chemical labels and modified bases. 

[00110] One method for overcoming the sensitivity limitation of a nucleic 
acid for detection is to selectively amplify the nucleic acid prior to performing the 
assay. This method has been referred as the "polymerase chain reaction" or PCR 
(31 and U.S. Pat. Nos. 4,683,202 and 4,582,788). The PCR reaction provides 
a method for selectively increasing the concentration of a particular nucleic acid 
sequence even when that sequence has not been previously purified and is 
present only in a single copy in a particular sample. 

GP88 Antis erum Components 

[00111] This invention also provides GP88 antisense components. The 
constitutive expression of antisense RNA in cells has been shown to inhibit the 
expression of more than 20 genes and the list continues to grow (32-34). 
Possible mechanisms for antisense effects are the blockage of translation or 
prevention of splicing, both of which have been observed in vitro. Interference 
with splicing allows the use of intron sequences (30) which should be less 
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conserved and therefore result in greater specificity, inhibiting expression of a 
gene product of one species but not its homologue in another species. 

[00112] The term antisense component corresponds to an RNA sequence 
as well as a DNA sequence coding therefor, which is sufficiently complementary 
to a particular mRNA molecule, for which the antisense RNA is specific, to cause 
molecular hybridization between the antisense RNA and the mRNA such that 
translation of the mRNA is inhibited. Such hybridization can occur under in 
vivo conditions. The action of the antisense RNA results in specific inhibition of 
gene expression in the cells (32-35). 

[001 13] According to the present invention, transfection of tumorigenic 
cells with DNA antisense to the GP88 cDNA inhibits endogenous GP88 
expression and inhibits tumorigenicity of the antisense cDNA transfected cells. 
This antisense DNA must have sufficient complementarity, about 18-30 
nucleotides in length, to the GP88 gene so that the antisense RNA can hybridize 
to the GP88 gene (or mRNA) and inhibit GP88 gene expression regardless of 
whether the action is at the level of splicing, transcription, or translation. The 
degree of inhibition is readily discernible to one skilled in the art without undue 
experimentation given the teachings herein and preferably is sufficient to inhibit 
the growth of cells whose proliferation is dependent on the expression of GP88. 
One of ordinary skill in the art will recognize that the antisense RNA approach is 
but a number of known mechanisms which can be employed to block specific 
gene expression. 

[00114] The antisense components of the present invention may be 
hybridizable to any of several portions of the target GP88 cDNA, including the 
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coding sequence, 3' or 5' untranslated regions, or other intronic sequences, or to 
GP88 mRNA. As is readily discernible by one of ordinary skill in the art, the 
minimal amount of homology required by the present invention is that sufficient 
to result in hybridization to the GP88 DNA or mRNA and in inhibition of 
transcription of the DNA, or translation or function of the mRNA, preferably 
without affecting the function of other mRNA molecules and the expression of 
other unrelated genes. 

[00115] Antisense RNA is delivered to a cell by transformation or 
transfection via a vector, including retroviral vectors and plasmids, into which has 
been placed DNA encoding the antisense RNA with the appropriate regulatory 
sequences including a promoter to result in expression of the antisense RNA in a 
host cell. Stable transfection of various antisense expression vectors containing 
GP88 cDNA fragments in the antisense orientation have been performed. One 
can also deliver antisense components to cells using a retroviral vector. Delivery 
can also be achieved by liposomes. 

[001 16] For purpose of antisense technology for in vivo therapy, the 
currendy preferred method is to use antisense oligonucleotides (32, 36), instead 
of performing stable transfection of an antisense cDNA fragment constructed 
into an expression vector. Antisense oligonucleotides having a size of 15-30 
bases in length and with sequences hybridizable to any of several portions of the 
target GP88 cDNA, including the coding sequence, 3' or 5' untranslated 
regions, or other intronic sequences, or to GP88 mRNA, are preferred. 
Sequences for the antisense oligonucleotides to GP88 are preferably selected as 
being the ones that have the most potent antisense effects (37, 38). Factors 
that govern a target site for the antisense oligonucleotide sequence are related to 
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the length of the oligonucleotide, binding affinity, and accessibility of the target 
sequence. Sequences may be screened in vitro for potency of their antisense 
activity by measuring inhibition of GP88 protein translation and GP88 related 
phenotype, e.g., inhibition of cell proliferation in cells in culture. In general it is 
known that most regions of the RNA (5* and 3 1 untranslated regions, AUG 
initiation, coding, splice junctions and introns) can be targeted using antisense 
oligonucleotides. 

[00117] The preferred GP88 antisense oligonucleotides are those 
oligonucleotides which are stable, have a high resilience to nucleases (enzymes 
that could potentially degrade oligonucleotides), possess suitable 
pharmacokinetics to allow them to traffic to disease tissue at non-toxic doses, and 
have the ability to cross through plasma membranes. 

[00118] Phosphorothioate antisense oligonucleotides may be used (39). 
Modifications of the phosphodiester linkage as well as of the heterocycle or the 
sugar may provide an increase in efficiency. With respect to modification of the 
phosphodiester linkage, phophorothioate may be used. An NS'-PS 1 
phosphoramidate linkage has been described as stabilizing oligonucleotides to 
nucleases and increasing the binding to RNA (40). Peptide nucleic acid (PNA) 
linkage is a complete replacement of the ribose and phosphodiester backbone 
and is stable to nucleases, increases the binding affinity to RNA, and does not 
allow cleavage by RNAse H. Its basic structure is also amenable to modifications 
that may allow its optimization as an antisense component. With respect to 
modifications of the heterocycle, certain heterocycle modifications have proven 
to augment antisense effects without interfering with RNAse H activity. An 
example of such modification is C-5 thiazole modification. Finally, modification 
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of the sugar may also be considered. 2'-0-propyl and 2'-methoxyethoxy ribose 
modifications stabilize oligonucleotides to nucleases in cell culture and in vivo. 
Cell culture and in vivo tumor experiments using these types of oligonucleotides 
targeted to c-raf-1 resulted in enhanced potency. As general references for 
antisense oligonucleotides, see (32-34) 

[00119] The delivery route will be the one that provides the best antisense 
effect as measured according to the criteria described above. In vitro cell culture 
assays and in vivo tumor growth assays using antisense oligonucleotides have 
shown that delivery mediated by cationic liposomes, by retroviral vectors and 
direct delivery are efficient. (36, 41-43) Another possible delivery mode is 
targeting using antibody to cell surface markers for the tumor cells. Antibody to 
GP88 or to its receptor may serve this purpose. 

Recombinant GP8 8 

[00120] The present invention is also directed to DNA expression systems 
for expressing a recombinant GP88 polypeptide or a functional derivative thereof 
substantially free of other mammalian DNA sequences. Such DNA may be 
double or single stranded. The DNA sequence should preferably have about 20 
or more nucleotides to allow hybridization to another polynucleotide. In order 
to achieve higher specificity of hybridization, characterized by the absence of 
hybridization to sequences other than those encoding the GP88 protein or a 
homologue or functional derivative thereof, a length of at least 50 nucleotides is 
preferred. 

[00121] The present invention is also directed to the above DNA 
molecules, expressible vehicles or vectors as well as hosts transfected or 
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transformed with the vehicles and capable of expressing the polypeptide. Such 
hosts may be prokaryotic, preferably bacteria, or eukaryotic, preferably yeast or 
mammalian cells. A preferred vector system includes baculovirus expressed in 
insect cells. The DNA can be incorporated into host organisms by 
transformation, transduction, transfection, infection or relateH processes known 
in the art. In addition to DNA and mRNA sequences encoding the GP88 
polypeptide, the invention also provides methods for expression of the nucleic 
acid sequence. Further, the genetic sequences and oligonucleotides allow 
identification and cloning of additional polypeptides having sequence homology 
to the polypeptide GP88 described here. 

[00122] An expression vector is a vector which (due to the presence of 
appropriate transcriptional and/or translational control sequences) is capable of 
expressing a DNA (or cDNA) molecule which has been cloned into the vector 
and thereby produces a polypeptide or protein. Expression of the cloned 
sequence occurs when the expression vector is introduced into an appropriate 
host cell. If a prokaryotic expression vector is employed, then the appropriate 
host cell would be any prokaryotic cell capable of expressing the cloned 
sequence. Similarly, if an eukaryotic expression system is employed, then the 
appropriate host cell would be any eukaryotic cell capable of expressing the 
cloned sequence. Baculovirus vector, for example, can be used to clone GP88 
cDNA and subsequently express the cDNA in insect cells. 

[00123] A DNA sequence encoding GP88 polypeptide or its functional 
derivatives may be recombined with vector DNA in accordance with 
conventional techniques including blunt-ended or staggered ended termini for 
ligation, restriction enzyme digestion to provide appropriate termini, filling in 
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cohesive ends as appropriate, alkaline phosphatase treatment to avoid undesirable 
joining, and ligation with proper enzyme ligases. Techniques for such 
manipulations are discussed in (35). 

[00124] A nucleic acid molecule is capable of expressing a polypeptide if it 
contains nucleotide sequences which contain transcriptional and translational 
regulatory information and such sequences are operably linked to nucleotide 
sequences which encode the polypeptide. An operable linkage is a linkage in 
which the regulatory DNA sequences and the DNA sequence sought to be 
expressed are connected in such a way as to permit gene expression. The precise 
nature of the regulatory regions needed for gene expression may vary from 
organism to organism but shall in general include a promoter region, which in 
prokaryotes contains both the promoter (which directs the initiation of RNA 
transcription) as well as the DNA sequences which when transcribed into RNA 
will signal the initiation of protein synthesis. Such regions will normally include 
those 5' non-coding sequences involved with the initiation of transcription, 
translation such as the TATA box, capping sequence, CAAT sequence and the 
like. 

[00125] If desired, the 3' non-coding region to the gene sequence 
encoding the protein may be obtained by described methods (screening 
appropriate cDNA library or PCR amplification). This region may be retained for 
the presence of transcriptional termination regulatory sequences such as 
termination and polyadenylation. Thus, by retaining the 3 1 region naturally 
contiguous to the DNA sequence coding for the protein, the transcriptional 
termination signals may be provided. Where the transcription termination 
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signals are not provided or satisfactorily functional in the expression host cells, 
then a 3' region from another gene may be substituted. 

[00126] Two DNA sequences such as a promoter region sequence and 
GP88 encoding sequence are said to be operably linked if th,e nature of the 
linkage between the sequences does not ( 1 ) result in the introduction of a frame- 
shift mutation or (2) interfere with the ability of the promoter sequence to direct 
transcription of the polypeptide gene sequence. 

[00127] The promoter sequences may be prokaryotic, eukaryotic or viral. 
Suitable promoters are inducible, repressible or constitutive. Examples of 
suitable prokaryotic promoters are reviewed by (44-46). 

[00128] Eukaryotic promoters include but are not limited to the promoter 
for the mouse methallothionein I gene (47), the TK promoter of Herpes Virus 
(48), the gene gal4 promoter (49), the SV40 early promoter (50), the mouse 
mammary tumor virus (MMTV) promoter, and the cytomegalovirus (CMV) 
promoter (51). Strong promoters are preferred. Examples of such promoters are 
those which recognize the T3, SP6 and T7 polymerases, the PL promoter of 
bacteriophage lambda, the recA promoter, the promoter of the mouse 
methallothionein I gene, the SV40 promoter and the CMV promoter. 

[00129] It is to be understood that application of the teachings of the 
present invention to a specific problem or environment will be within the 
capability of one having ordinary skill in the art in light of the teachings 
contained herein. The present invention is more fully illustrated by the following 
non-limiting examples. 
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EXAMPLE 1 

Isolation of PC cell line 

[00130] The role of autocrine growth factor production in the loss of 
differentiation ability and acquisition of tumorigenic properfies in mammalian 
cells has been studied using a murine model system developed by the inventor. 
It consists of the mouse C3H adipogenic cell line 1246 (9), a series of cell lines 
which are differentiation-deficient and have increasing tumorigenic properties. 
1246 cells proliferate and differentiate in a serum-free defined medium (9). In 
defined medium, 1246 cells stringently require insulin for proliferation and for 
differentiation (10). Insulin-like growth factor I (IGFT) can replace insulin for 
proliferation but not for differentiation. From 1246 cells maintained in the 
absence of insulin, insulin-dependent cell lines were isolated (11). 

[00131 ] 1246-3A was particularly studied. 1246-3A cells had lost the 
ability to differentiate and had become tumorigenic in vivo (11). 1246-3A cells 
formed tumors when 10 6 cells were injected into syngeneic C3H mice within 6 
weeks, whereas 1246 cells were non-tumorigenic. By an in vitro-in vivo shutde 
technique, highly tumorigenic insulin-independent cell lines were subsequendy 
isolated and analyzed (12). 

[00132] The shutde technique consisted of subcutaneously injecting 1246- 
3A cells (10 6 cells/mouse) into syngeneic C3H mice. The tumor resulting from 
the injection of the cells was then minced and plated in primary culture into 
defined medium deprived of insulin (DME-F12 nutrient medium 1:1 mixture 
supplemented with fibronectin, transferrin and FGF). Cells that had started to 
grow were subcultured when they reached confluency to be: (1 ) either frozen in 
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the presence of 10% Fetal Bovine serum and 10% Dimethylsulfoxyde (DMSO) 
for long term conservation; (2) injected subcutaneously into C3H mice at 
different cell densities (10 6 , 10 5 , 10 4 cells/mouse). Rate of appearance of tumor 
and size of tumor was monitored. Tumors that appeared were again put back in 
culture in the insulin-free medium. Cells growing in these conditions were 
reinjected back into the animal. 

[00133] By this in vitro-in vivo shuttle technique insulin-independent cells 
with increasing tumorigenic properties were obtained. In particular, the highly 
tumorigenic cell line named PC was isolated (12). PC cells can form tumors 
even when 10 4 cells are injected subcutaneously into syngeneic C3H mice. 

[00134] The PC cell line has at least the following characteristics: 

(1) These cells represent an excellent model system for 
tumorigenicity studies: these cells can proliferate in a simple defined medium 
DME-F12 nutrient mixture supplemented with 2 pg/ml fibronectin and 10 
fig/ml transferrin, and they can be injected into syngeneic hosts and do not 
require the use of nude mice which are expensive and necessitate special 
handling. 

(2) When the PC cells reach confluency, the cells can be 
maintained in a complete serum-free and factor-free medium. Their growth is 
maintained solely by the nutrient medium and the factors that the cells secrete in 
their conditioned medium, thus conditioned medium is a good source for 
characterization and purification of factors required for proliferation of tumor 
cells. 
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EXAMPLE 2 

Gr88 i s an autocrine growth facto r for the highly tumorigenic PC cells. 

[00135] It was shown that PC cell conditioned medium contained growth 
promoting activity that was purified by chromatographic techniques (4). The 
purified factor called GP88 precursor was sequenced and shown to be similar to 
the epithelin/granulin precursor. 

[00136] Experiments were then carried out to examine whether the 
production of GP88 by PC cells stimulated their growth in an autocrine fashion. 
For this purpose, PC cells were cultivated in the presence of GP88 antibody that 
can neutralize GP88 activity. DNA synthesis of PC cells was measured in the 
presence of increasing amounts of either the non-immune IgG or the anti-K19T 
IgG. 

[00137] As shown in FIG. 2, the addition of anti-GP88 IgG inhibited PC 
cell growth in a dose -dependent manner, directly demonstrating that GP88 
production by the PC cells is required for their growth. Non-immune IgG had 
no effect. Here, PC cells were plated in 96-well plates at a density of 2xl0 4 
cells/well in DME/F12 medium supplemented with 2 pg/ml fibronectin and 10 
pg/ml transferrin (2F medium). After 6 hours when the cells were attached, 
anti-GP88 IgG fraction was added. 36 hours later, 3 H-thymidine (0.25 
pCi/ml) was added for an additional 8 hours. Cells were collected by 
trypsinization on glass filters by a cell harvester and the radioactivity 
corresponding to 3 H- thymidine incorporated into DNA counted by liquid 
scintillation counter. Values (FIG. 2) are expressed as % of control 
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corresponding to thymidine incorporation in PC cells treated with equivalent 
amounts of nonimmune IgG. 

[00138] Similar results were obtained using anti K19T and anti E19V 
monoclonal antibodies. Anti K19T monoclonal antibody inhibited the growth 
of PC cells and of rat leukemia cells in a dose dependent fashion. Moreover, anti 
E19V monoclonal antibody inhibited the growth of the human breast carcinoma 
cell line MCF7, with an ED 50 of 100 pg/ml. 

EXAMPLE 3 

Express i on of GP 8 8 in the 1246, I246-3A and PC cell lines 

[00139] Since GP88 protein was purified from PC cell conditioned 
medium, experiments were carried out to compare the expression of GP88 
mRNA and protein in the three cell lines. 

[00140] Comparative tumorigenicity studies of 1246, 1246-3A and PC cell 
lines in C3H mice showed that PC cells are highly tumorigenic when compared 
to 1246-3 A cells since they can develop tumors when 10 4 cells/mouse are 
injected into C3H mice. 1246-3A cells make tumors when injected a 10 6 
cells/mouse, whereas in syngeneic hosts, 1236 cells are non-tumorigenic (12). 

[00141] The following methods were used for the studies of comparing the 
level of GP88 in the model system consisting of the three cell lines 1246, 1246- 
3A and PC. 
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Cell Culture 

[00142] 1246 stock cells were maintained in DME/F12 nutrient medium 
(1:1 mixture of Dulbecco's modified Eagle medium and Ham's nutrient F12) 
supplemented with 10% fetal bovine serum (FBS). 1246-3A and PC stock cells 
were maintained in defined media. For PC stock cells, it consisted of DME-F12 
medium supplemented with 2 pg/ml of human plasma fibronectin and 10 
jjg/ml of human plasma transferrin (2F medium). For 1246-3A cells, the 
defined medium called 3F medium consisted of DME-F12 medium 
supplemented with 2 ]ig/ml of human plasma fibronectin and 10 Hg/ml of 
human plasma transferrin and 1 ng/ml of basic fibroblast growth factor (bFGF). 
For comparative studies the three cell lines were plated in DME-F12 medium 
supplemented with 2% FBS. 

RN A Isolation and N o rthern Blot Analysis 

[00143] For Northern blot analysis of GP88 mRNA expression in rodent 
cells or tissues (mouse and rats), we used a mouse GP88 cDNA probe 311 bp in 
length starting at nucleotide 551 to 862 (corresponding to amino-acid sequence 
160 to 270). The probe was 32 P-labeled by random-priming reaction. 

[00144] Total cellular RNA was isolated by RNAzol solution 
(Cinnabiotech) or Trizol solution (Life Technologies) based on a modification of 
the single step guanidinium isothiocyanante/phenol chloroform method (52). 

[00145] Fifteen or twenty micrograms of total RNA per sample were 
subjected to electrophoresis on a denaturing 1.2% agarose gel containing 0.22 M 
formaldehyde in lx MOPS (lOx MOPS: 0.2 M MOPS, 50 mM NaOAc 10 mM 

1268148 vl : R6SC01t.DOC 



46 



A7542.0000/P001-C 



EDTA). RNA was blotted on nitrocellulose membrane (MSI Inc., Westboro, 
MA) by overnight capillary transfer in lOx SSC (20x SSC = 3M NaCl, 0.3M Na 
Citrate pH 7.0). The filters were baked at 80°C under vacuum for 2 hrs and 
then prehybridized at 42 °C for 4 hrs in hybridization solution consisting of 50% 
formamide, 5 X SSPE (1 X SSPE = 0.16 M sodium chloride* 50 mM sodium 
phosphate pH 7.4, 1 mM EDTA), 1% SDS, 5 X Denhardt's solution ( IX 
Denhardt's solution = 0.02 % each of polyvinylpyrrolidone, Ficoll and bovine 
serum albumin), 1 pg/ml poly-A and 100 pg/ml denatured salmon sperm DNA 
at 42°C. Hybridization was performed overnight at 42 °C in the same solution 
with 10 6 cpm/ml of random-primed 32 P -labeled GP88 cDNA probe. Filters were 
washed twice for 25 min at 42°C in 2 X SSC and 1% SDS, followed by two 15 
min. washes at 56°C in 0.2 X SSC and 1% SDS. Dried filters were exposed to 
Kodak XAR-5 film (Kodak, Rochester, NY) at -70°C with an intensifying screen 
(Dupont, Boston, MA). Results were quantitated by densitometric scanning. 
Ribosomal protein L 32 mRNA was detected as internal standard for normalizing 
RNA loading. 

Pre paration of Cell Lysate, Immunoprecipitation and Western Blot Analysis 

[00146] Cells in 10 cm culture dishes were washed once with PBS buffer 
and lysed on ice for 10 min. with 1 ml PBS buffer containing 1% Triton X-100. 
Cell lysate was sonicated for 10 seconds on ice, centrifuged at 10,000xg for 10 
min., then the supernatant was collected and stored at -70°C until use. 

[00147] Amounts of cell lysate and culture medium to be analyzed were 
normalized by cell number of 18 xlO 5 and 3 x 10 5 respectively. The protease 
inhibitors: 200 )iM PMSF, 1 pM leupeptin, 0.5 pM aprotinin, and 1 pM EDTA 
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were added per sample. Each sample was incubated at 4°C for 4 hours with 5 
pg of affinity purified anti-K19T IgG conjugated to agarose with shaking. 
Precipitates were collected by centrifiigation, washed three times with PBS 
buffer, resuspended in 20 \xl SDS sample buffer containing 5% 6- 
mercaptoethanol, boiled for 5 min., and then separated by SDS-PAGE on 10% 
polyacrylamide gels according to the method of Laemmli (56). Proteins were 
electro transferred to immobilon membranes and GP88 detected using anti 
K19T antibody conjugated to horseradish peroxidase and detected by enhanced 
chemiluminescence (ECL). 

[00148] When expression of GP88 mRNA was investigated in the three cell 
lines cultivated in DME/F12 medium supplemented with 2% fetal bovine serum 
(FBS) our laboratory as a probe the results show that the highest level of mRNA 
expression for GP88 is found in the highly tumorigenic PC cells (Figure IB). 

[00149] The levels of GP88 protein expression were examined by Western 
blot analyses using anti-K19 antibody both in cell lysates and in culture medium 
of 1246, 1246-3A and PC cells as described above. As shown in FIG. 1A, the 
level of GP88 was undetectable in the culture medium of 1246 cells, 3T3, and 
1246-3A cells and increased dramatically in the culture medium of the highly 
tumorigenic PC cells. The same results were obtained for GP88 expression in 
cell lysates. 

[00150] GP88 expression was examined in 1246 cells in different culture 
conditions such as defined medium and serum containing medium. It was 
shown that the level of expression of GP88 mRNA (measured by Northern blot 
analysis) and protein (measured by Western blot analysis) in 1246 and in 1246- 
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3A cells is inhibited when the cells are treated with 2% fetal bovine serum 
indicating the presence of circulating inhibitors of GP88 expression in fetal 
bovine serum (Figure 1C). This inhibition of GP88 expression was also observed 
when the activity of GP88 promoter linked to a luciferase reporter gene was 
measured indicating that these inhibitors are effective in inhibiting the 
transcriptional activity of the GP88 gene. Such inhibitors can be useful to 
develop GP88 antagonizing agents which will be useful as anti-tumor or antiviral 
therapy. We have also showed that GP88 mRNA expression is stimulated by 
EGF in the 1246 cells and by insulin in the human mammary carcinoma cells 
MDA MB-453. 

EXAMPLE 4 

GP88 ex pression and biological activity in mammary epithelial cells , 
(a) Expression o f GPS 8 in breas t carcinoma cells . 

[00151] Experiments were carried out to examine the level of GP88 
expression in breast carcinoma and to examine if GP88 is a growth factor for 
mammary epithelial cells. The rationale in support of this possibility is: GP88 is 
a potent growth stimulator for mammary epithelial cells (see next paragraph); 
receptors for GP88 (our studies) and processed form epithelin 1 (54) have been 
characterized on mammary epithelial cells; breast carcinoma cell lines with 
different degrees of hormonal dependency are available for study; and lasdy there 
are a growing number of reports emphasizing the importance of the insulin/IGF 
pathway in the growth control of mammary cells indicating that an escape from 
this regulation is occurring in malignant breast carcinomas (14, 15). Since PC 
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cells which display an over expression of GP88 are insulin/IGF independent, this 
would support the rationale of GP88 deregulation in human breast carcinoma. 

[00152] We have investigated the level of expression of GP88 mRNA in 
three well studied human breast carcinoma cell lines, MCF-7, which is estrogen 
receptor positive (ER+) , and two cell lines, MDA-MB-453 and 468, being 
estrogen receptor negative (ER-). MDA-MB-468 has also been characterized as 
having a defective insulin and insulin-like growth factor signaling (53). FIG. 5 
shows that GP88 mRNA is expressed in the three cell lines but that the level of 
expression is higher in the ER- cell lines, MDA-MB-453 and 468, than in the 
ER+MCF7 cells, indicating that in human breast carcinoma, increased 
malignancy may be accompanied by increased GP88 expression. 

(b) Biological activity of GP88 in m ammar y ep ithelial cells 

[00153] We investigated the effect of GP88 on the proliferation of a 
variety of cell lines including fibroblasts and mammary epithelial cells. We have 
found that GP88 had a profound growth promoting effect on the mouse 
mammary epithelial cell line C57MG. As shown in FIG. 6, a 5-fold increase in 
DNA synthesis was observed at a concentration of 150ng/ml (2 nM) either with 
GP88 purified from PC cells or with recombinant GP88 expressed in insect cells. 

[00154] The ability of GP88 purified from PC cells (upper panel) and 
recombinant GP88, rGP88 (lower panel), to stimulate DNA synthesis in 
C57MG cells was measured by incorporation of 3 H- thymidine in serum-starved 
quiescent cells. Interestingly, in contrast to the growth promoting effect of 
GP88 on breast epithelial cells, the 6 kDa epithelin 2 (epi 2) has been reported 
as a growth inhibitor, at least for MDA-MB-468 cells when given at 
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concentrations up to 100 nM (54). These data suggest that the precursor, i.e., 
GP88, and the processed form, i.e., epi 2 , have opposite effects on mammary 
epithelial cell growth. 

EXAMPLE 5 

Cloning of GP88 cDNA 

[00155] GP88 protein purified from PC cell conditioned medium was 
sequenced after digestion with cyanogen bromide and trypsin. Sequences of N- 
terminal regions and 6 peptides were obtained (4). Sense and antisense 
redundant oligonucleotide primers complementary to the obtained amino acid 
sequences were synthesized and used in the polymerase chain reaction using the 
touch down PCR method with first strand cDNA of PC cells as template. From 
the touch down PCR using a primer pair SCV157 and ANG300, a 444 bp 
amplified product was obtained. This cDNA was then used to screen a lambda- 
ZAP cDNA library prepared from PC cells in our laboratory. One million 
unamplified plaques were screened by plaque hybridization with 32 P-labeled PCR 
generated cDNA fragment. Positive clones were isolated by an additional 3 
rounds of plaque purification. Full length GP88 cDNA clone was obtained and 
sequenced. Full length cDNA was 2137 nucleotides in length with the first ATG 
located at 23 bp from the 5' end, an open reading frame (ORF) 1770 
nucleotides long, and a 3'un translated region having a polyA tail at position 
2127. The sequence was identical to the published mouse granulin (5) except 
for one nucleotide (T instead of G) at position 1071 of GP88 cDNA (position 
1056 of mouse granulin), which resulted in the change of amino acid from 
arginine to leucine, and a nucleotide substitution at position 1483 with no 
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change in amino acid (FIG. 8). This study demonstrated that GP88 is similar to 
epithelin/granulin precursor and provided a cDNA to pursue our study of GP88 
expression. 

EXAMPLE 6 

Ex pression of mouse GP88 cDNA in baculovirus 

[00156] For recombinant GP88 production, the method of choice was to 
express GP88 in the baculovirus system. A full length GP88 cDNA (obtained by 
screening PC cell cDNA library) including the signal peptide was ligated into the 
baculovirus transfer vector pVL1392 (in Vitrogen, San Diego, CA). Plasmid 
pVL1392-GP88 was used to co-transfect Sf9 insect cells with baculovirus DNA. 
Recombinant viruses encoding GP88 were isolated and plaque purified. For 
infection and production of recombinant GP88, Sf9 cells were seeded in Grace's 
medium containing 10% fetal bovine serum (FBS) in T75 cm 2 flasks. After 
infection with recombinant baculovirus -GP8 8, insect cells were maintained in 
Grace's medium for 48 hours at 27°C. Conditioned medium was collected by 
centrifiigation and recombinant GP88 (rGP88) was purified by a 2 step 
purification protocol consisting of heparin-sepharose and immunoaffinity 
chromatography as described in Example 6. SDS-PAGE analysis of rGP88 
indicated that rGP88 migrates faster than PC cell derived GP88 corresponding 
to an apparent MW of 76 kDa. N-terminal sequencing analysis of rGP88 
indicated that it was identical to GP88 purified from PC-CM. The difference of 
molecular weight between GP88 and rGP88 is due to a difference in 
glycosylation status of GP88 in insect cells. As shown in Figure 6, biological 
activity of rGP88 was identical to that of GP88 purified from PC ceils, indicating 
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that the different glycosylation status of GP88 in insect cells and mammalian cells 
did not affect the biological potency of the protein. 

[00157] The rGP88 produced from insect cells can be used for biological, 
and binding studies and to develop monoclonal antibodies to the intact GP88 

EXAMPLE 7 

Purification of GP88 and recombinant GP88 by affinity chromatography 

[00158] The conditioned medium (2000 ml) from PC cells was diluted 
with the same volume of H 2 0 and loaded on a 2.5 ml heparin-sepharose CL-6B 
column equilibrated in 10 mM sodium phosphate buffer pH 7.4 containing 75 
mM NaCl (Pharmacia, Uppsala, Sweden). The column was washed with at least 
10 bed volumes of the same equilibration buffer followed by a wash with 10 mM 
sodium phosphate buffer containing 0.15 M NaCl. The fraction containing 
GP88 was eluted with 5 bed volumes of 0.4 M NaCl, 10 mM Tris-HCl, pH 7.5. 
The eluate was stored at -20 C for further purification. A synthetic peptide 
K19T (sequence: KKVLAPRRLPDPQILKSDT) was used to raise the antisera 
against the GP88 used in the immunoaffinity step. The K19T peptide was linked 
to CNBr-activated Sepharose 4B according to the method provided by the 
manufacturer (Pharmacia, Uppsala, Sweden). The specific anti-K19 antibody 
was purified using the K19T peptide affinity column by elution at acidic pH. 
Specifically, anti-K19T IgG was applied to a K19T peptide -Sepharose 4B column 
equilibrated with lOmM sodium phosphate buffer pH 6.5 (Buffer A) at a flow 
rate of 0.8 ml/hr, and circulated at 4°C overnight. After washing the column 
with 7 ml of Buffer A, the conjugate was eluted with 1 ml of HC1, pH 2.9, then 
1 ml of HC1, pH 2.5 at a flow rate of about 0.1 ml/min in a tube containing 0 1 
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ml of 1M sodium phosphate buffer pH 7.0 to neutralize the pH. The 
concentration of affinity-purified IgG was determined by the absorbance at 280 
nm. 

[00159] The purified Ab-K19T (1 mg) was then conjugated to 1 ml of 
agarose beads (Sulfolink coupling gel, Pierce, Rockford, IL) using protocols 
provided by the manufacturer. The final coupled column contained 600 pg anti- 
K19T/ml gel. The Ab-K19T agarose was packed in a column and washed 
extensively with PBS. The eluate from heparin sepharose CL-6B column was 
diluted with 3 volumes H 2 0 and loaded on the Ab-K19T column. After 
washing the column with buffer consisting of 750 mM NaCl in 10 mM NaP04 
pH 7.5, the fraction containing GP88 was eluted by elution buffer (150 mM 
NaCl, pH 2.5 (HC1)). To neutralize, 1/10 volume (v/v) 1 M sodium 
phosphate pH 6.5 buffer was added to the eluate and the protein concentration 
was determined by amino acid analysis or micro BCA kit (Bio-Rad, Richmond, 
CA). In general 50 pg of GP88 was purified on a 350 pi column. 

[00160] This method is also adequate for the purification of recombinant 
GP88 such as constructed in a baculovirus expression vector and expressed in 
insect cells. This method is also adequate to purify human GP88 using for the 
immunoaffinity step human GP88 antibody conjugated to adequate support 
(sepharose or agarose). 
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EXAMPLE 8 



D evelopm ent of,n eutralizin g antibody for GP88 



[00161] Peptides corresponding to various regions of mouse and human 
GP88 were synthesized and conjugated to keyhole limpet Hemocyanin (KLH) 
by the " glutaraldehyde method." Peptide KLH conjugate was injected into 
chinchilla rabbits to raise anti-GP88 antibody. Two peptides, K19T and S14R, 
listed below, were found to generate neutralizing antibodies. Equivalent regions 
such as E19V of the human GP88 amino acid sequences were used to develop 
neutralizing anti-human GP88 monoclonal antibodies. Peptides were as follows: 



[00162] Properties of anti-sera are the following: 

[00163] (1) Anti-K19T, anti-S14R and anti-E19V antibody recognize an 
88 kDa GP88 in conditioned medium of cells in culture, in cell lysates and in 
tissue extracts. 

[00164] Tissue distribution of GP88 protein expression indicates that it is 
widely expressed and that most tissues express the unprocessed precursor, i.e., 
GP88, rather than processed 6 kDa forms, i.e., epi 1 and 2. GP88 is found in 



A14R (human GP88) 



P12TfromP208 to T219 
K19TfromK344 to T362 
S14RfromS562 to R575 
E19V (human GP88) 



PDAKTQCPDDST 

KKVIAPRRLPDPQILKSDT 

SARGTKCLRKKIPR 

EKAPAHLSLPDPQALKRDV 

ARRGTKCLRREAPR 
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serum (mouse serum contains about 150 ng 88 kDa GP88/ml), and expressed 
in adipose tissue, in brain (molecular weight varies between 45 and 88 kDa), in 
testes, in ovary, in liver and in kidney. 

[00165] (2) Anti-K19T antibody is a neutralizing antibody. Anti-K19T 
antibody neutralizes the biological effect of GP88 secreted by PC cells which is 
required for their proliferation. (FIG. 2). Addition of anti-K19T IgG into 
culture medium of PC cells results in a dose dependent inhibition of PC cell 
growth. Non-immune IgG had no effect. Inhibition of cell proliferation of cells 
expressing GP88 has also been obtained using monoclonal antibody K19T for 
PC cells, rat leukemia cell lines and using monoclonal antibody E19V for 
neutralizing human GP88 in human breast carcinomas. This demonstrates that 
the E19V region of human GP88 (and K19T region of mouse GP88) is a region 
of great biological importance and that any antibody raised against this region 
will result in obtaining a neutralizing antibody that can be used for therapy of 
diseases due to increased GP88 expression or increased responsiveness to GP88. 
The same is true for the S14R region of mouse GP88 and A14R region of 
human GP88. 

[00166] (3) And E19V monoclonal antibody is a neutralizing antibody. 
We have shown that at a dose of 100 pg/ml, E19V antibody inhibits the growth 
of the human breast carcinoma cell line MCF7 by 50% using 3 H-thymidine 
incorporation assay as described above for PC cells. 
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EXAMPLE 9 

G r o wth and twnor i genic pr o perties of cells transf e cted wit h expression 
vector containing GP88 cDNA in antisense orientatio n. 

[00167] The examples above demonstrate that GP88 is overexpressed by 
the highly tumorigenic PC cell line. Since the cultivation of PC cells in the 
presence of neutralizing anti-GP88 antibody had resulted in growth inhibition, it 
indicated that GP88 is required for the growth of PC cells. In order to test 
whether GP88 overexpression is responsible for the high tumorigenic properties 
of PC cells in vivo^ we examined the growth properties and the tumorigenic 
ability of PC cells transfected with a cytomegalovirus promoter controlled 
expression vector containing GP88 cDNA in antisense orientation in order to 
obtain high levels of antisense RNA transcription. As control, we used PC cells 
transfected with empty vector. 

[00168] A 228 bp fragment of GP88 cDNA was cloned in the antisense 
orientation in pCMV4 expression vector (Andersson, S., et al, 1989) (51) 
containing CMV promoter and hGH transcription termination and 
polyadenylation signals (pCMV4-GP88AS). PC cells were co-transfected with 
the 20 jug of antisense pCMV4-GP88AS and 2 pg of pRSVneo expression vector 
containing the neomycin resistant gene by the calcium phosphate method. 
Control cells were co-transfected with empty pCMV4 vector and pRSVneo as 
described above. Transfected cells were selected in the presence of neomycin. 
Neomycin resistant colonies were cloned and cells were assayed first by detecting 
the presence of pCMV4-GP88AS by PCR. Twenty-four positive neomycin 
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resistant clones containing the antisense pCMV4-GP88AS were isolated. Nine 
have been isolated and screened for expression of the antisense transcript. Three 
clones were further characterized. Western blot analysis of cell lysates and 
conditioned medium using anti-GP88 antiserum (i.e., anti-K19T antibody) was 
performed in order to determine the level of GP88 expression in transfected 
antisense cells and control cells (FIG. 7). Culture medium and cell lysates were 
prepared by immunoprecipitation with anti-K19T antibody. Protein samples 
corresponding to 3x1 0 6 cells/lane were analyzed by Western blotting with anti- 
GP88 antibody. The results indicate that GP88 levels are significantly lower in 
antisense, than in control, transfected cells particularly for AS1 and AS 18 clones. 

Stable Transfection of Antis ense GP88 cDNA into PC Cells 

[00169] PC cells were transfected with a 228 bp antisense cDNA fragment 
of GP88 including start codon region obtained by digesting with Sma I and Xba 
I GP88 cDNA clone and cloning the obtained cDNA fragment in the antisense 
orientation into Xba I and Sma I site of the mammalian expression vector 
pCMV4 as shown in Figure 11. The stable transfection of PC cells was 
performed by the Calcium Phosphate method (55) in DME medium 
(Dulbecco's Modified eagle Medium) containing 3.7 g/L sodium bicarbonate 
supplemented with 10% FBS. 2-4 hours prior to transfection, a calcium 
phosphate precipitate was made with 20 pg of plasmid pCMV4 constructed with 
antisense GP88 cDNA, 2 pg of plasmid carrying neomycin resistance selectable 
marker (pRSVNEO), and 20 pg of pSK as carrier DNA. After 25 minutes, the 
precipitate was added dropwise to the cells. After 7 hours, the medium was 
aspirated and the cells were shocked with 10% DMSO in PBS for 2-3 min., 
washed twice and fed with complete medium (DME supplemented with 10% 
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FBS). One day after transfection, the cells were split 1:3 and selected for 
resistance to Geneticin (G-418 Sulphate, Gibco-BRL) at 400 jjg/ml. Media was 
changed 2 days later to remove dead cells and every 3-4 days thereafter. 10-14 
days after the 1:3 split, colonies were picked with a cloning ring and transferred 
into 48 well plate, then passaged into 24 well plate, 12 well plate, and 60 mm 
dish subsequendy. The transfectants were analyzed or frozen. Co-transfection of 
the empty pCMV4 vector and pRSVNEO was used for raising the empty vector 
control transfectants. 

[00170] After being selected by their ability to grow in the presence of 
Geneticin , the transfected clones were analyzed by two assays as described 
below: 

[00171] The presence of the antisense cDNA construct is tested by PCR 
analysis of genomic DNA of transfected clones using as primers an 
oligonucleotide located in the CMV promoter (5'- 

CCTACTTGGCAGTACATCTACGTA- 3 y ) and the other corresponding to the 
start codon of GP88 cDNA (S'-CGAGAATTCAGGCAGACCATGTGGGTC- 
3'). These primers would amplify a 551 bp DNA fragment from genomic DNA 
of transfected cells containing the antisense DNA construct described above. 

[00172] Then, the level of GP88 protein in antisense transfected clones was 
measured by Western blotting analysis of cell lysates and conditioned media 
collected from the transfected clones using anti-K19T antibody to measure the 
efficacy by which the antisense GP88 inhibited the endogenous GP88 protein 
expression. Antisense clones that showed the highest degree of inhibition of 
GP88 expression were selected for analysis of their growth properties in vivo as 
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described below. Analysis of GP88 expression in empty vector control 
transfected clones was done similarly. 

[00173] The methods used in these various assays will now be described in 
detail. ^ 

PCR Selection of Transfectants 

[00174] The presence of the antisense construct in the transfected cells was 
determined by PCR analysis of their genomic DNA using as sense primer SP647 
( 5 '-CCTACTTGGCAGTACATCTACGTA-3 5 ) corresponding to CMV 
promoter region and antisense primer SP7 (5'- 

CGAGAATTCAGGCAGACCATGTGGGTC- 3 ' ) corresponding to start codon 
region of GP88. The sense primer SP647 and antisense primer AP912 (5'- 
CTGACGGTTCACTAAACGAGCTC- 3 ' ) both located in the CMV4 promoter 
were used to test whether CMV promoter was inserted into the genomic DNA 
of control transfectants which had been transfected with empty pCMV4 vector. 

[00175] For extracting genomic DNA for the PCR analysis, the 
transfectants were lysed by buffer A (100 mM KC1, 10 mM Tris-HCl [pH 8.3], 
0.45% Tween 20 and 0.45% NP40) and proteinase K 120 pg/ml, incubated in 
60°C 1 hr, followed by boiling for 15 min. 50-100 ng DNA of each clone was 
used as template for PCR reaction. Non-transfected PC were used as negative 
control. Constructed plasmid DNA was used as positive control. 

[00176] The PCR reaction was performed in 20 jil reaction mixture 
containing 10 mM Tris-HCl pH 9.0, 50 mM KC1, 1.5 mM MgC12, 0.1% Triton 
X-100, 0.2 mM dNTPs, 0.5 units Taq DNA polymerase, 3.2 pMol of each 
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primer, and 50-100 ng of template DNA. The reaction tubes were heated to 
95 °C for 3 minutes, and then subjected to 40 cycles of 94°C for 1 minute, 
5 5 °C for 2 minutes, and 72 °C for 3 minutes with a 10 minutes 72 °C extension 
in a programmable thermal controller. Products were analyzed on a 1% agarose 
gel stained with ethidium bromide. The expected size of the* amplified fragment 
corresponding to the presence of the antisense construct with the primers chosen 
was 551 bp. 

Measurement of GP88 protein expression in antisense and control 
transfected clones 

[00177] The function of transfecting antisense GP88 DNA in the cells is to 
inhibit endogenous GP88 expression. Therefore, the transfected clones of cells 
which had been selected by the assays described above (i.e., neomicin resistance 
and presence of antisense DNA in genomic DNA) were examined to determine 
the degree of inhibition of endogenous GP88 expression. This was examined by 
measuring the level of GP88 in cell lysates and in conditioned medium from 
antisense transfected clones and empty vector transfected control clones by 
immunoprecipitation and Western blot analysis using anti-K19T antibody by the 
methods previously described. The transfected clones that displayed the highest 
degree of inhibition of GP88 expression were further analyzed to examine their 
growth properties in vitro and in vivo. 

Cell Grow th Assay 

[00178] Cells were plated at a density of 3 x 10 4 cells/well (12 well plates, 
Corning) in 2 ml of DME/F-12 medium (1:1 mixture) supplemented with 2% 
FBS or 2 jig/ml human fibronectin and 10 pg/ml human transferrin. Five days 
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later, cells were washed with PBS, and cell number per well was determined by 
counting cells from duplicate wells using Coulter Counter after trypsinization. 

[00179] The results showed that the antisense GP88 transfected PC clones 
showed a slower growth when cultivated either in serum containing medium 
and in defined medium (2F medium) than the empty vector control PC cells 
cultured under equivalent conditions. These results are in agreement with the 
fact that GP88 is required by the PC cells to proliferate. Since its expression is 
inhibited by the antisense, the growth of the antisense transfected cells is 
inhibited as a result. 

Tumorigenicity assay 

[00180] Six weeks old female C3H mice were used for tumorigenicity 
assays. Sense/antisense or control transfectants were injected subcutaneously into 
syngeneic C3H mice at the density of 10 6 cells per animal. The appearance and 
size of tumors were examined. The mice were killed 45-50 days after injection. 
Tumors were excised, their weight determined and the tumors were quick frozen 
and kept at -70°C. 

[00181] In vivo tumorigenicity studies were are carried out by injecting 
5x1 0 6 antisense and control cells (transfected with empty vector and 
nontransfected PC cells) subcutaneously in syngeneic C3H female mice. Mice 
were observed every day for appearance of tumors by scoring the time of tumor 
appearance and the size of tumor. After 50 days, mice were killed and blood was 
collected by heart puncture. Tumors were excised, weighed and either fixed for 
pathological examination or quick frozen in liquid nitrogen. Other organs of 
the mice were also collected and examined. 
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[00182] Tumorigenicity for antisense clones and control clones was 
examined and compared to the wild type PC cells. Table 1 above, shows the 
results obtained with one of them. FIG. 3 shows the picture of tumor bearing 
mouse detected with 10 6 control transfected cells and of mouse injected with 
antisense clone. Empty vector control transfected clones maintained similar 
tumorigenic properties as the parent PC cells, whereas no tumor formation was 
observed in the mice injected with antisense clones. Even after 90 days, these 
mice still did not present tumors. This experiment was repeated twice. 
Moreover, additional clones (2 antisense and 2 control) were also examined. 
The same results were obtained with other antisense clones. 

Antisense cDNA for human GP8 8 

[00183] The approach for stable transfection of antisense GP88 cDNA in 
PC cells described above has also been applied to inhibiting GP88 expression in 
human breast carcinoma cell lines. 

[00184] In this case, the human antisense cDNA construct consisted of a 
400 bp cDNA fragment inserted in the antisense orientation in the commercially 
available pcDNA3 mammalian expression vector (In Vitrogen, San Diego, CA) 
which contains pCMV4 cytomagelovirus CMV promoter and neomycin resistant 
gene so that double transfection of pCMV4 and pRSVneo is not required like 
the ones described above for PC cells. 

[00185] To generate the antisense cDNA fragment the following pairs of 
primers with appropriate restriction enzymes sites were synthesized and used in 
the PCR reaction: 
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[00186] A-hGP88: 5 ' - Al OGGATCCACGGAGTTGTTACCTGATC- 3 ' 
(position nt: 362-344) 

[00187] H-hGP88: 5 ' - Al 0G AATTCGCAGGCAGACCATGTGGAC- 
3 '(position nt: -12 to +8) 

[00188] The amplified cDNA fragment with EcoRI and BamHI restriction 
sites was inserted in the antisense orientation in the EcoRI and BamHI sites of 
the pcDNA3 mammalian expression vector. This expression vector construct 
called pCAS was transfected in the human mammary carcinoma cell line MCF7 
and MDA-MB-468 DME-F12 medium supplemented with fetal bovine serum 
by the calcium phosphate method (55). Selection of transfected cells was done 
by cultivating the cells in the presence of 800 pg/ml of Geneticin to select cells 
that are neomicin resistant. Neomicin resistant clones were picked with cloning 
rings and passaged in medium supplemented with 10% fetal bovine serum (FBS) 
and with geneticin (800 pg/ml). Transfected clones selected for their resistance 
to geneticin were further examined by methods similar to the ones described 
above for PC cells transfected with mouse GP88 antisense cDNA. The presence 
of the antisense cDNA construct in genomic DNA was checked by PGR analysis 
using as primers for the PCR reaction T7 primer in the pCDNA3 expression 
vector and H-hGP88 primer described above. PCR reaction amplified a 420 bp 
DNA fragment in cells that expressed the transfected human GP88 antisense 
DNA fragment. 

[00189] Expression of endogenous GP88 was determined by Western blot 
analysis of cell lysates and conditioned medium of transfected clones using anti 
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E19V antiserum to select antisense clones with maximum inhibition of GP88 
expression. Selected antisense clones were further analyzed to examine their 
growth properties in vitro and in vivo. Transfection of empty pCDNA3 vector in 

MCF7 and MDA-MB-468 cells was performed as control for these experiments. 

• ■* 

[00190] An alternative method to transfection of antisense cDNA is to use 
antisense oligonucleotides. It is known in the art that sequences around the 
translation initiation site (ATG encoding the first methionine) provide good 
sequences for efficient antisense activity. Secondly, sequences with an adequate 
GC content and that start with either a G or a C have increased efficiency and 
stability in forming a hybrid with corresponding sense sequence (32, 37, 38). 
Based on this rationale, it is anticipated that the following two sequences will be 
efficacious as antisense oligonucleotides to human GPS 8. The first one is a 22- 
mer named HGPAS1 starting 11 nucleotides upstream of the first ATG 
(methionine codon): HGPAS1 (22): 5'-GGGTCCACATGGTCTGCCTGC-3'. 
The second oligomer is a 24 mer named HGPAS2 (24) located 21 nucleotides 3' 
(downstream) of the first ATG: HGPAS2 (24):5'- 

GCCACCAGCCCTGCTGTTAAGGCC-3'. Other oligonucleotide antisense 
sequences can be explored by those of ordinary skill given the teachings herein. 
To judge the efficacy of a sequence to inhibit GP88 expression, oligonucleotides 
will be added to breast carcinoma cells in culture or any other human cell types 
under study in increasing doses. Cells will be collected at various time points (12 
hours to several days) to measure the level of expression of GP88 protein by 
Western blot analysis or EIA using an antihuman GP88 antibody, using 
techniques known to those of ordinary skill in the art. Control cells will be 
treated with a nonsense or a sense oligomer. 
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EXAMPLE 10 
Inhibition of Tumor Growth in Humans 

[00191] The present example provides the following: 

Comparison of the expression of GP88 mRNA and protein in non 
tumorigenic mammary epithelial cells MCF10A and in malignant MCF7 and in 
MDA-MB-468 cells. 

Growth of malignant MCF7 and MDA-MB-468 cells in the presence of 
neutralizing anti-human GP88 antibody (anti-human E19V monoclonal 
antibody) leads to inhibition of proliferation of cells. 

Proliferation in vitro and tumorigenicity in vivo of human breast carcinoma 
cells are inhibited by inhibiting GP88 expression by antisense GP88 DNA. 

Comparison of GP88 Expression in Non tumorigenic Human Mammary 
E pithelial Cells and in T umorigenic Breast Carcinoma Cell Lines 

[00192] We investigated the expression of GP88 mRNA and protein in 
three human breast cell lines: The MCF10A cell line, which is a non 
tumorigenic human mammary epithelial cell line, and in two human breast 
carcinoma cell lines, MCF7 which is estrogen receptor positive and MDA-MB- 
468 which is estrogen receptor negative. 

[00193] Expression of GP88 mRNA expression was done by Northern blot 
analysis of total RNA extracted from these cell lines using a radiolabeled human 
GP88 cDNA probe. Expression of GP88 protein was measured by Western blot 
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analysis of immunoprecipitated GP88 using either rabbit anti-human GP88 
polyclonal antibody or the anti-human E19V monoclonal antibody. This latter 
antibody was developed by immunizing mice with human peptide E19V 
conjugated to protein as described in Example 8. 

- ** 

[00194] Anti-human GP88 antibodies that we have now at our disposal are: 
polyclonal antihuman GP88 antibody developed in rabbits using as antigen a 37 
kDa fragment of human GP88 expressed as a histidine tagged protein in bacteria, 
and the anti-human GP88 antibody (polyclonal and monoclonal) developed by 
using as antigen E19V peptide conjugated to keyhole limpet hemocyanin. 
Development of these antibodies (polyclonal and monoclonal) are described 
above. All of these antibodies can be used for immunoprecipitation and Western 
blot analysis of human GP88 in human tissues and cells. 

[00195] The Northern blot analysis shows that the expression of GP88 
mRNA in the non tumorigenic MCF10A cells is very low and increases at least 5- 
10 times in the human breast carcinoma cell lines MCF7 and MDA-MB-468 
(FIG. 14). 

[00196] The results of the Western blot analysis of the three cell lines show 
that GP88 protein expression is undetectable in culture medium (CM) collected 
from the non-tumorigenic MCF10A cells, whereas it increased 10-20 times in 
media conditioned by the MCF7 cells and by the MDA-MB-468 cells. In 
addition to being secreted in the culture medium of the breast carcinoma cells, 
GP88 protein is also expressed at high levels in cell lysates of the maligant cells, 
whereas it is undetected in the non tumorigenic MCF10A cells. 
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[00197] These data confirm that human breast carcinoma cells overexpress 
GP88 when compared to non tumorigenic human mammary cells. 

I nhibition o f Gro wth of Malignant MC F7 an d MPA - MB-4 68 C ells in the 
Pres ence of Neutralizin g Anti-human GP8 8 Antibody (An ti-human E3. 9Y 
Monoclona l Antib od y) 

[00198] Experiments were carried out in which human breast carcinoma 
MCF7 cells were incubated with different doses of anti-human GP88 
monoclonal antibody (anti-E19V peptide IgG fraction). Proliferation was 
measured by [ 3 H] thymidine incorporation into DNA. Control cells consisted of 
cells incubated with the same amount of unrelated mouse IgG. Results show 
that incubation of MCF7 cells with 25 ]ig/ml of anti-GP88 monoclonal 
antibody leads to a 50% inhibition of thymidine incorporation, whereas 100 
pg/ml resulted in an 80% inhibition of proliferation. Similar results were found 
as indicated above for MDA-MB-468 cells. These data again confirm that (i) 
anti-human E19V antibody neutralizes human GP88, and (ii) malignant human 
cells which secrete high levels of GP88 in culture medium and which require 
GP88 to proliferate can be effectively inhibited by treatment with anti-human 
GP88 neutralizing antibody, thus demonstrating that inhibition of GP88 action 
on tumor cells is an effective therapy for inhibiting tumor growth of cells 
overexpressing GP88. 
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Proliferatio n in vitro and Tumorigenicity in vivo of Human Breast 
Carc i noma Cell s are Inhibited by Inhibiting GPS 8 Exp res si on by Antisense 
GP8 8 PNA 

[00199] Human breast carcinoma MDA-MB-468 cells were stably 
transfected with antisense human GP88 cDNA construct (400 bp fragment 
inserted into pCDNA3 expression vector). This construct is described in 
Example 9. Stable antisense clones were isolated and characterized. In 
particular, antisense clones were selected based on the fact that expression of 
GP88 was effectively inhibited. This was determined by measuring GP88 
expression in antisense cells and empty vector control cells by Western blot 
analysis of cell extracts and conditioned medium using antiGP88 antibody. 
Several clones were obtained and characterized. Similar results were obtained 
with all antisense clones isolated. Data presented here concern one antisense 
clone called 468AS. As shown in FIG. 15, transfection of antisense GP88 cDNA 
in MDA-MB-468 cells (468AS) resulted in inhibition of GP88 protein 
expression when compared to empty vector control MDA-MB-468 cells (468 
Cont). 

[00200] Measurement of the proliferation rate of antisense GP88 and 
empty vector control cells indicated that antisense cells had an 80% inhibition of 
cell proliferation when compared to the empty vector transfected cells. Our data 
with all the clones analyzed also showed that the extent of growth inhibition was 
direcdy correlated to the degree of inhibition of expression of GP88 in the 
antisense clones. 

[00201] Antisense human breast 468AS cells which displayed the highest 
inhibition of GP88 expression, and empty vector control (468 Cont) cells were 
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injected subcutaneously into female nude mice in the breast area at a density of 2 
x 10 3 cells/mouse using 4 mice per cell line. Tumor appearance was monitored 
by visually inspecting the mice. After 4 weeks, the mice were sacrificed, tumors 
were excised and weighed (see Table 3 below). 

Table 3 

Effect of inhibition of GP88 expression by antisense GP88cDNA 
transfection on tumor growth of human breast cancer cells MDA-MB-468 
in nude mice 



Cells 


Mice bearing tumors 


Weight of tumors (g) 


468 Cont empty 


4/4 


0.2 ± 0.06 


vector 








3/4 


0.05 ± 0/025** 


468AS antisense GP88 






(** p> 0.01 significant) 



The results show that inhibition of GP88 expression resulted in a 75% inhibition 
of tumor growth for human breast carcinoma cells. 



[00202] This experiment demonstrated that inhibition of GP88 expression 
in human breast carcinoma cell lines leads to inhibition of tumorigenicity. 

EXAMPLE 11 

Pia g n os tic tes t f or tumorigenicity 

[00203] In teratoma and in breast cancer, an increase in tumorigenic 
properties is associated with an increase in GP88 expression or an increase in 
GP88 responsiveness.. 
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[00204] Moreover, Figure 4 shows that the level of expression of GP88 in 
tumor tissue is increased when compared to the surrounding tissues. 
Accordingly, increase of GP88 level can be used as a diagnostic approach to 
detecting tumor. In human tumor biopsies, a change (increase) in GP88 
expression when compared to the level of GP88 in normal corresponding tissues 
is indicative of the state of tumorigenicity or malignancy of the tissue biopsy 
analyzed. Increase in expression of GP88 can be measured at the mRNA level or 
at the protein level. GP88 mRNA expression can be measured either by 
Northern blot analysis, RNAse protection assay or RT-PCR. 

[00205] GP88 protein expression is quantitated by ELISA, EIA or RIA 
using an anti-GP88 antibody. 

[00206] The ability to measure GP88 expression in tissue extracts in 
comparison to corresponding tissues from normal subject can be used to predict 
the degree of tumorigenicity of a particular cancer or to determine whether this 
particular cancer will be responsive to anti-GP88 therapy. 

[00207] For diagnosis of diseases associated with increase in GP88 
responsiveness, tissue biopsies to be analyzed will be treated with anti-GP88 
neutralizing antibodies or anti-GP88 receptor antibodies to see if such treatment 
inhibits growth of the cells. Alternatively, the ability of GP88 antisense 
oligonucleotides to inhibit growth indicates that expression of GP88 is required 
for growth in vivo, 

EXAMPLE 12 
Char a cteri sti cs of GP88 C ell S u rface Rec ep tors 
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[00208] Binding of iodinated GP88 to a variety of cell lines CCL64, 1246, 
PC and the mammary epithelial C57MG was determined in order to examine the 
biochemical characteristics of GP88 cell surface receptors using the methods 
described below. For these studies we used affinity purified recombinant GP88 
(rGP88) from the culture medium of baculovirus infected ST?9 insect cells as 
ligand. Methods to prepare rGP88 have previously been described. 

a) Iodinati on of GP8 8. 

[00209] Recombinant GP88 (rGP88) was iodinated by the chloramine T 
method at 4°C. Other known methods can also be applied. Briefly, 1 ]jg of 
GP88 was incubated for 2 min with 125 I Na (100 ]iCi) that had been 
preincubated for 90 seconds with 2 pg chloramine T. The reaction was 
quenched with the addition of 100 ]il saturated tyrosine, 10 yd of a 1% solution 
of bovine serum albumin (BSA) and 2 pg of sodium metabisulfite. After 
addition of 100 p.1 PBS, the iodinated protein was separated from free Na 125 I by 
gel filtration on a Sephadex-G50 column that had been preincubated with PBS 
containing 1 % bovine serum albumin and then extensively washed with PBS to 
reduce non-specific binding. The labeled proteins were eluted with PBS and 
fractions monitored for radioactivity. Amount of incorporated radioactivity was 
estimated by TCA precipitation. Specific activity of I25 I-GP88 was typically 30- 
50 |aCi/]jg. This method and other methods for iodination of proteins are well 
known to people skilled in the art can also be used to iodinate PC derived GP88 
rather than rGP88 or any derivatives thereof 
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b) I25 I-GP8 8 bindin g. 

[00210] The example provided here describes binding assay with the mink 
lung epithelial cell line CCL64 but has also been applied to several cell lines 
including the 1246, PC cell lines and the mammary epithelial cell line C57MG. 
The binding assays were performed on cell suspension. CCL64 cells were 
cultivated as monolayer in DME medium supplemented with 10% fetal bovine 
serum (FBS) until they reached confluency. At that time, cells were washed with 
PBS and detached by incubation with a solution of 0.25 mg/ml of trypsin and 1 
mM EDTA. The cells were harvested by centrifugation, washed with culture 
medium and counted with a hemocytometer. For binding assays, 10 6 cells were 
resuspended in 500 jil of binding buffer consisting of DME medium 
supplemented with 1 % bovine serum albumin in 1.5 ml ependorf tubes and 
incubated for 2 hours at 25°C with 10 5 cpm of 125 I-rGP88 and increasing 
concentrations of cold rGP88 from 1 to 100 ng/ml. Binding was stopped by 
centrifuging the cells followed by 3 successive washings at 4°C with cold binding 
buffer followed by centrifugation. Cell pellets were counted with a gamma 
counter. Scatchard analysis of binding data was carried out by computer Ligand 
program. Values correspond to the average of three separate experiments with 
duplicate determinations per experimental point. 

Scatchard analysis of binding of l25 I-GP88 to CCL64 cells was curvilinear 
corresponding to the presence of two classes of cell surface receptors: a high 
affinity class with a Kd of 4.3 ± 1.5 x 10 n M, 560 ± 170 sites/cell and a low 
affinity class of receptors with a Kd of 3.9 ± 1.9 x 10 9 M, 17,000 ± 5900 
sites/cell. 
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c) C ross-lfoikm g studies of 125 I-GP 88 to CCL64 and other cell lines. 

[0021 1 ] Cross-linking of 125 I-GP88 to cell surface receptors was carried out 
using disuccinimidyl suberate (DSS). For cross-linking studies, 5x1 0 5 cells were 
suspended in 250 ul of binding buffer in eppendorf tubes. 125 I-GP88 was added 
in 50 pi of binding buffer (DME medium with 1% BSA) with or without 100 
fold excess unlabeled GP88 ligand. Binding was performed as described in the 
previous paragraph. At the end of the incubation period, the cells were washed 
one time with 0.2% BSA-DME and one time with PBS before cross-linking was 
carried out. Dissucinimidye suberate (DSS) was dissolved in DMSO at a 100 
mM just prior to use. The cells were resuspended in 200 pi PBS containing 1 
mM disuccinimidyl suberate (DSS,) at room temperature for 15 min. After 
crosslinking, the cells were centrifuged, washed and extracted with 25 pi 
extraction buffer (PBS containing 1% Triton X-100, 0.1% SDS, 0.5 mM 
phenylmethylsulfonyl fluoride (PMSF) at 4°C. Samples were centrifuged for 5 
min at 13,000 x g and 25 pi of supernatant from each sample was mixed with 4 
pi of 20% SDS and 15 ul 3x Laemmli's sample buffer (56) containing b- 
mercaptoethanol and boiled for 5 min. Electrophoresis of samples was carried 
out on 7% SDS polyacrylamide slab gel according to Laemmli (56) using a 
minigel apparatus (Bio-Rad, Richmond, CA). The dried gels were exposed to X- 
ray films for autoradiography at -70°C. 

[00212] As shown in Figure 12, autoradiographic analysis revealed the 
presence of one major cross-linked band with a molecular weight of 190-195 
kDa. This would correspond to a molecular weight for the unbound receptor of 
about 1 10 kDa for the major band. The intensity of the major cross-linked band 
was decreased in the lanes where binding was carried out in the presence of 
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excess cold GP88. Cross-linked band could not be detected if experiment and 
gel electrophoresis was performed in the absence of DSS. Additional 
experiments using samples treated or not with b-mercaptoethanol prior to 
performing the electrophoresis indicated that the cell surface receptors for 
epithelin/ granulin precursor are monomeric. 

[00213] Cross-linking of 125 I-GP88 to cell surface receptors were also 
carried out with 3T3, PC cells and the mammary epithelial cells C57MG by the 
same method. The results of these experiments indicated similar cross-linking 
pattern for GP88 in all cell lines tested suggesting the presence of cell surface 
binding sites with similar size in fibroblastic and epithelial cells (Figure 13) 

GP88 med iated si gnal trans duction in mammary epithelial cell line C57MG 

[00214] Experiments to determine the characteristics of the signal 
transduction pathway activated by GP88 after binding to its cell surface receptors 
were carried out with GP88 in the mammary epithelial cell line C57MG. We 
have shown that anti-K19 T antibody can immunoprecipitate the complex 
formed by GP88 and its cell surface receptors on various cell types and in die 
mammary epithelial cells C57MG in particular. This feature has allowed us to 
further characterize biochemical properties of GP88 receptor and the signal 
transduction it mediates leading to growth stimulation. We have shown that 
GP88 receptors belong to the tyrosine kinase family of receptors. Upon binding 
of GP88 to its cell surface, GP88 receptor is activated by phosphorylation on 
tyrosine residues resulting in phosphorylation of several signaling molecules 
including IRS-1, SHC, Grb2 and leading to activation of MAP kinase ERK-2. 
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[00215] Having now fully described this invention, it will be appreciated by 
those skilled in the art the same can be performed within a wide range of 
equivalent parameters concentrations and conditions without departing from the 
spirit and scope of the invention and without undue experimentation. 
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